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(57) Abstract 

A method and apparatus for propelling a tool having a body within a passage. The tool includes a gripper including al least a grippcr 
portion which can assume a first position that engages an inner surface of ttic passage and limits relative movement of the gripper portion 
relative to the inner surface. The grippcr portion can also assume a second position that pennits substantially free relative movement 
between the grippcr portion and the inner surface of the passage. The tool includes a propulsion assembly for selectively continuously 
moving the body of the tool with respect to the gripper portion while the grippcr portion is in the first position. This allows the tool to 
move different types of equipment within the passage. For example, the tool advantageously may be used in drilling processes to provide 
continuous force to a drill bit This enables the drilling of extended horizontal boreholes. Other preferred uses for the tool include well 
completion, logging, retrieval, pipeline service, and communication line activities. 
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PULLERTHRUSTER DOWNHOLE TOOL 
Field of the Invention 

The present invention relates generally to methods and apparatus for movement of equipment in passages, 
and more particularly, the present invention relates to drilling inclmed and horiiontally extending holes, such as an 
5 o3 weD. 

Background of the Invention 
The art of drilling vertical incfined, and horizontal holes plays an important role in many industries such as 
the petroleum, mining, and communications industries. In the petroleum industry, for example, a typical o3 weO 
comprises a vertical borehole which is drilled by a rotary drill bit attached to the end of a driD string. The dri string 

10 is typically constructed of a series of connected links of drBI pipe which extend between surface equipment and the 
drill bit. A drilling fluid, such as drilBng mud, is pumped from the surface through the mterior surface or flow channel 
of the drifl string to the drBI bit. The drilEng fluid is used to cool and lubricate the drill bit, and remove debris and 
rock chips from the borehole created by the drilling process. The driOmg flind returns to the surface, carrying the 
cuttings and debris, through the space between the outer surface of the drill pipe and the inner surface of the 

15 borehole. 

Conventional drilGng often requires dnlGng numerous boreholes to recover ofl, gas, and mineral deposits. 
For example, driinng for oil usually includes drilling a vertical borehole until the petroleum reservoir b reached. OD 
is then pumped from the reservoir to the surface. As known in the industry, often a large number of vertical 
boreholes must be drilled within a small area to recover the oil within the reservoir. This requires a large investment 

20 of resources, equipment, and is very expensh/e. Additionally, the oB within the reservoir may be difficult to recover 
for several reasons. For instance, the size and shape of the oil formation, the depth at which the oil is located, and 
the location of the reservoir may make expbitation of the reservoir very difficult. Further, drBling for oil located 
under bodies of water, such as the North Sea, often presents greater difficulties. 

In order to recover oil from these difficult to exploit reservoirs, it may be desirable to drHI a borehote that 

25 is not vertically orientated. For example, the borehole may be initially drdled vertically downwardly to a 
predetermined depth and then drilled at an incBnation to vertical to the desired target location, in other situations, 
it may be desirable to drHI an inclined or horizontal borehole beginning at a selected depth. This , allows the oil 
located in difficult-to-reach locations to be recovered. These boreholes with a horizontal component may also be used 
in a variety of circumstances such as coal exploration, the construction of pipelines, and the construction of 

30 communications fines. 

While several methods of drilling are known in the art, two frequently used methods to drifl vertical inclined, 
and horizontal boreholes are generafly known as rotary drilOng and coiled tubing drilTmg. These types of drilling are 
frequently used in coniunction with drilling for oil In rotary drilTing, a drill string, consisting of a series of connected 
segments of drill pipe, is lowered from the surface using surface equipment such as a derrick and draw works. 

35 Attached to the lower end of the drill string is a bottom hole assembly. The bottorh hole assembly, typically inchides 
a drOl bit and may inchide other equipment known in the art such as drill collars, stabffizers, and heavy-weight pipe. 
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The other end of the drifl string is connected to a rotary table or top drhre system located at the surface. The top 
drive system rotates the driD string, the bottom hole assembly, and the driO bit, aDowing the rotating drill bit to 
penetrate into the formation. In a vertically dried hob, the driB bit is forced into the formation by the weqht of 
the drQl string and the bottom bote assembly. The weight on the driD bit can be varied by controifing the amount 

5 of support provided by the derrick to the dr3l string. This allows, for example, drOfing faito different types of 
formations and controlling the rate at which the borehole is drSled. 

The direction of the rotary drilled borehole can be gradually altered by using known equipment such as a 
downhole motor with an adjustable bent housing to create incGned and horizontal boreholes. Downhole motors with 
bent housings allow the surface operator to change drill bit orientation, for eiample, with pressure pulses from the 

10 surface piunp. It w3 be understood that orfentation inchides incGnation, asmuth, and depth components. Typical 
rates of change of orientation of the drill string are 1-3 degrees per 100 feet of vertical depth. Hence, over a 
distance of about 3,000 feet, the drfll string orientation can change from vertical to horizontal relathre to the surface; 
A gradual change in the direction of the rotary drilled hole is necessary so that the driD string can move within the 
borehole and the flow of drOling fluid to and from the drill bit is not disrupted. 

15 Another type of known drilling is coOed tubing drilfing. In coiled tubing drilfing, the drill string tubing is fed 

into the borehole by an injector assembly. In this method the coiled tubing driU string has speciaDy designed drffl 
collars located proximate the driD bit that apply weight to the driU bit via gravity puD. In contrast to rotary driOing, 
the driD string is not rotated. Instead, a downhole motor provides rotation to the driU bit. Because the coiled tubing 
is not rotated or used to force the drOI bit into the formation, the strength and. stiffness of the coDed tubing is 

20 typically much less than that of the driD pipe used in comparable rotary driOing. Thus, the thickness of the coited 
tiibing is generally less than the driD pipe thickness used in rotary drffling, and the coiled tubing generally cannot 
withstand the same rotatnnal and tension forces in comparison to the driD pfpe used in rotary drOlbig. 

A known method and apparatus for drDGng lateraDy from a vertical weU bore is disclosed in U.S. Patent 
No. 4,365,676 issued to Boyadjieff, et al. The Boyadjieff patent disctoses a pneumaticaDy powered drflling unit 

25 which is housed in a specially des^ned carrier, and the carrier and drilfing unit are towered to a desired position 
• within an existing vertical weD bore. • The carrier and drilihg units are then pivoted into a horizontal position within 
the vertical weD bore. This pivotal movement is triggered by a person bcated at the surface who pulls a string or 
cable that is attached to one end of the carrier unit. From this horizontal position, the drilling unit leaves the carrier 
unit and beg'ms drilfing laterally to create an abrupt switch from a vertical to a lateral hole. The carrier is removed 

30 from the weH bore once the drilling unit exists the carrier unit 

The drilling unit disclosed in the Boyadjieff patent discharges air near the dr91 bit to push the cuttings and 
rock chips created by the drflfing process around the drilling unit. These cuttings are supposed to faU into a sump 
located at the bottom of the vertical weD bore. This causes the bottom end of the vertical weD bore to be filled 
with debris and prevents the use of the vertical weD bore. The debris may also have a tendency to plug and fH 

35 . the lateral hole. The drilfing unit moves within the lateral hole by a series of teeth which are adapted to engage 
the sidewaD of the lateral hole whDe the hole b braig bored. These teeth transfer the drflfing forces.to the sidewaDs 
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of the hole to aDow the drill bit to be pushed into the formation. The drOGng unit is also connected to a cable 
guiding and withdrawal tool that is inserted into the vertical weD bore to aDow removal of the carrier and driOing 
unit from the lateral hole. 

Another method and apparatus for formmg lateral boreholes withm an existing vertical shaft is disclosed 
5 in U.S. Patent No. 5,425,429 issued to Thompson. The Thompson patent discloses a device that is lowered into 
a vertical shaft braces itself against the sidewall of the vertical shaft, and appfes a dribig force to penetrate the 
wail of the verticel shaft to form a laterally extending borehole. The device b generaBy cylindrical and includes a 
top section that is sealed to allow complete immersbn in drilfing mud. The top section also contains a turbine that 
is powered by the drSing mud. The bottom section of the device is open to the vertical shaft. The device is held 
10 in place within the vertical shaft by a series of anchor shoes that are forced by hydraulic pistons to engage the 
sidewall of the vertical shaft. These hydraulic pistons are powered by the turbine located in the top section of the 
device. 

The device disclosed in the Thompson patent is anchored within the existing vertical shaft to provide 
support for the drilling unit as it drills laterally. The drilling unit uses an extendable insert ram to drill laterally into 

15 the surrounding formation. The insert ram consists of three concentric cylinders that are telescopicaQy slidable 
relatwe to each other. The cylinders are hydraulicatly operated to extend and retract the insert ram within the lateral 
borehole. A supply of modular drill elements are cyclically inserted between the insert ram and the driH bit so that 
the msert ram can extend the drill bit into the surrounding formation. In operiation, the drilfing unit must be stopped 
and retracted each time the length of the insert ram is to be increased by inserting additional modular driQ elements. 

20 The insert ram must then re-extend to the end of the lateral borehole to begin drilfing again. 

A further method for creating lateral bores is described fai U.S. Patent No. 5,010,965 issued to Schmeber. 
The Schmelzer patent discloses a seK-propeDed ram boring machine for making earth bores. The system is operated 
using compressed air and b drwen by a pbton which triggers perbdic bbws by a striking tip. 

. U.S. Patent No. 3,827,512 bsued to Edmond discloses an apparatus for applying a force to a drill bit. The 

25 apparatus drives a strikmg bit, under hydtaufic pressure, against a formatbn which causes the striking bit to form 
a borehote. bi particubr, the body of the apparatus b a cylinder containing two hydrauScafly operated pbtons. 
Connected to the pbtons are two anchoring assemblies whbh are boated around the exterior surface of the tool 
The anchoring assembOes contain a phirality of serratbns and are periodbally actuated to engage the sidewall of 
the borehole. These anchors provide support for the apparatus within the borehole such that a drill bit can be forced 

30 into the formation. The drlQ bit, however, can only be pushed in one direction. Additionally, the drill, bit can only 
be perbdically pushed into the formation because the apparatus must repeatedly unanchor and repressurize the piston 
chambers to move within the borehob. 

Sununary of the Invention 

The present invention provides improved methods and apparatus for movement of equipment in passages. 
35 In a preferred embodiment, the present inventbn provides improved methods and apparatus for moving drflling 
equipment in passages. More preferably, the present inventbn aDows drilfing equipment to be moved within inclined 
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or completely horizontai boreholes that extend for distances beyond those previously known in the art The 
. equipment utffized for this purpose is structurally simple and provides for easy in-the-field maintenance. The 
structural simplicity of the present invention mcreases the reBabiGty of the tool The equipment b also easy to 
operate with lower initial and long-term costs than equipment known in the art. Additionally, the present invention 

5 is readily adapted to operate m environments where known methods and apparatuses are unable to function. 

The apparatus is able to move a wide variety of types of equipment within a borehole, and in a preferred 
embodiment the present invention can sohre many of the problems presented by prior art methods of driDing incSned 
and horizontal boreholes. For example, conventional rotary drilling methods and coiled tubmg drOrmg methods are 
often ineffective or tncapabte of producing a horizontally drilled borehole or a borehole with a horizontal component 

10 because sufficient weight cannot be maintained on the drffl bit. Weight on the drB bit b required to force the drffl 
bit mto the formation and keep the drill bit moving oi the desired direction. For example, in rotary driDing of long 
incGned holes, the maximum force that can be generated by prior art systems b often limited by the ability to defiver 
weight to the drill bit. Rotary drilling of long inclined holes b limited by the resbting friction forces of the drill string 
against the borehole wal For these reasons, among others, current horizontal rotary drilling technology limits the 

15 length of the horizontal components of boreholes to approximately 4,500 to 5,500 feet because weight cannot be 
maintained on the drill bit at greater dbtances. 

Coiled tubing driSing also presents difficulties when drOling or moving equipment within extended horizontal 
or inclined holes. For example, as described above, there b the problem of maintaining sufficient weight on the driD 
bit. Additionally, the coiled tubing often buckles or faib because frequently too much force b applied to the tubmg. 

20 For instance, a rotational force on the coiled tubing may cause the tubing to shear, whle a compression force may 
cause the tubmg to coBapse. These constraints Emit the depth and tength of holes that can be drilled with exbting 
coiled tubing drilling technology. Current practices limit the driffing of horizontally extending boreholes to 
approximately 1,000 feet horizontally. 

The methods and preferred apparatus of. the present mvention sohre these prior art probbms by generally 

25 maintaining the drill string in tension and providing a generally constant force on the drill bit The problem of tubmg 
buckling experienced in conventional drilfing methods b no longer a problem with the present invention because the 
tubing b pulled down the borehole rather than being forced into the borehole. Additionafly, the current invention 
allows horizontal and inclined holes to be drilled for greater distances than by methods known in the art. The 500 
to 1.500 foot fimit for horizontal coiled tubing drilled boreholes b no longer a problem because the preferred 

30 apparatus of the present invention can force the drill bit into the formation with the desired amount of force, even 
in horizontal or inclined boreholes. In addition, the preferred apparatus allows faster, more consistent drilling of 
dhrerse formations because force can be constantly applied to the drill bit. 

A preferred aspect of the present mvention provides a method for propelling a toot having a body within 
a passage. The method includes causing a gripper inchjding at least a gripper portion to assume a first position that 

35 . engages an inner surf ece of the passage and limits relative movement of the gripper portion relative to the inner 
surface. The method abo includes causing the gripper portbn to assume a second position that permits substantblly 
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free relative movement between the gripper portion and the inner surface of the passage. The method further 
includes a propulsion assembly for setecthrely continuously moving the body with respect to the griper portion white 
the gripper portion is in the first position. 

, Another, preferred aspect of the present invention provides a method for propelling a tool having a generally 

5 cylindrical body within a passage. The method inchides causing a forst grqiper portion to assume a first position that 
engages an mner surface of the borehpte passage and Ihuts relative movement of the first grqjper portion rebtnre 
to the inner surface. Simultaneously, a second gripper portion assumes a position that permits substantially free 
relafnre movement between the second gripper portion and the inner surface of the borehote. The body of the tool 
consisting of a central coaxial cyEnder and a vahre control pack, moves within the borehole with respect to the first 

10 gripper portion. The first gripper portion then assumes a second position that permits substantially free relative 
movement between the first grqiper portion and the inner surface of the passage, while the second gripper portion 
engages the inner surface of the borehole and Emits relative movement of the second gripper portion relathre to the 
inner surface. At this time the body of the tool moves relative to the second gripper portion. This process can be 
repeated to allow the body of the tool to selectively continuously move with respect to at least one gripper portion. 

15 While prior art methods prevent continuous movement and drilling within a borehote, the present invention allows 
continuous operation, and a force can be constantly maintained on the drill bit. 

Another aspect of the present invention provuies a method for propelling a toot having a generally cylindrical 
body within a passage. The method includes causing a first gripper portion to assume a first position that engages 
the inner surface of the borehole and fimits relative movement of the first gripper portion relative to the inner surface 

20 of the borehole. The body of the tool is then moved with respect to the fffst gripper portion. The first gripper 
portion then assumes a second position that permits substantially free relatwe movement between the first gripper 
portion and the mner surface of the borehole. At this time a second gripper portion assumes a first position that 
engages an inner surface of the borehole and Emits relathre movement of the second gripper portion relative to the 
inner surface of the passage. The body of the tool is then moved with respect to the second gripper portion. The 

25 second gripper portion then assumes a second position that permits substantiafly free relathre movement between 
the second gripper portion and the inner surface of the borehole. By setecthrely continuously movoig the body with 
respect to at least one gripper portion when it is in the position that allows substantially free relathre movement 
between the gripper portion and the inner surface of the borehote, the present invention can continuously move within 
the borehole. 

30 Still another preferred aspect of the present invention provides a method of propelling a tool having a 

generally cylindrical body within a passage using first and second engagement bladders. Thie first engagement 
bladder is inflated to assume a position that engages an inner surface of the passage and limits relative movement 
of the first engagement bladder relative to the inner surface of the passage. An element of the tool then moves with 
respect to the first engagement bladder. The second engagement bladder is m a position allowing free relathre 

35 movement between the second engagement bladder and the inner surface of the passage. The first engagement 
bladder then deflates, aliowmg free relathre movement between the first engagement bladder and the inner surface 
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of the passage. The second engagement bladder is then inflated to assume a position that engages an inner surface 
of the passage and Emits relathre movement of the.second engagement bladder relative to the inner surface. At this 
time an element of the toot is moved with respect to the second engagement bladder. This process can be cycGcly 
repeated to allow the tool to generally continuously move forward within the passage. 
5 hi a further preferred aspect of the present invention, an ambient fluid is used to mflate the first and 

second engagement bladders. Preferably, the ambient f bid b drSmg fhiid or, more preferably, drBfing mud. In this 
aspect of the bvention, the drilling mud used to inflate the bladder is from the central flow channel of the drill 
string. When the engagement, bladders are deflated, the drUfing mud is preferably returned to the central flow 
channel This is referred to as an open system. 

10 bi another preferred embodiment of the present mvention, a fhild such as hydraulic fhiid is used to inflate 

the engagement bladders. The hydraulic fluid may be stored within a reservoir within the tool or it may be pumped 
from the surface to the engagement bladders through a flow Kne. This is referred to as closed system. 

Equipment known in the art for drilling horizontally extending boreholes is relatively bulky and expensive both 
in initial and long-term operatirig costs. These known devices also require lengthy maintenance time as in*the-field 

15 service is generaOy not a viable option. In contrast, the apparatus of the present invention reduces the cost and 
maintenance constraints of the known drilling methods. For example, the present invention is easy to operate, with 
lower initial and long-term costs than those known in the art The present mvention also eases in-the-field 
maintenance for several reasons. First, in this preferred embodiment, the apparatus of the present invention is 
designed to operate with ambient fhiid. Preferabiy the ambient fhiid is drilling fluid or, more preferably, driifing mud. 

20 Advantageously, when a fluid such as drilling mud is used to power the present mvention, problems of contaminatran 
are efimhated. This design eases problems associated with deterioration of the tool caused by the mixing of 
different fluids. Alternatively, when a fhiid such as hydraufic fluid is used to power the invention, the hydraulic fhiid 
may be either stored within the body of the tool or pumped from the surface to the tool. Second, many of the parts 
of the present invention are easOy removed and disconnected for in-the-field changes of various elements. These 

25 elements can sbnply be removed and replaced In-the-fieM, allowing quicker changeovers and continued operation of 
the tool Significantly, this elimbiates much of the down time of conventional drOling equipment. 

Another preferred aspect of the present mvention provides a method for propelfing a tool having a generally 
cylindrical body within a passage. The method includes causing a gnpper portion to assume a first position in which 
the gripper portion engages an inner surface of the passage and limits relative movement of the gripper portion 

30 relative to the inner surface of the passage. The gripper portion is also caused to assume a second position that 
allows substantiaBy free relathre movement between the gripper portion and the inner surface of the passage. A 
propulsion assembly b provided for selectively moving the body with respect to the gripper portion in the first 
position. The power source inchides a piston having a head reciprocaHy mounted within a cyfinder so as to define 
a first chamber on one side of the head and a second chamber on the other side of the head. The body of the tool 

35 . is selectively moved with respect to the gripper portion by forcing fhiid into the fust or second chamber. 
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Yet another preferred aspect of the present invention provides a method for propeing a tool having a 
generally cylindrical body within a passage in which the movement of the tool b controDed from the surface. The 
surface controls can preferably be manually or automatlcaOy operated. The tool may be m communication with the 
surface by a tne which allows information to be communicated from the surface to the tool This &ie« for example, 
5 may be an electrical line (generally known as an "E-fine"), an umbilical Gne, or the Gke. In adcBtion, the tool may 
have en electrical connection on the forward and aft ends of the tool to aDow electrical connection between devices 
located on either end of the tool This electrical connection, for example, may aDow connection of an E-line to a 
Measurement While DriSng (MWD) system located between the tool and the driD bit. . Ahematiyely, the tool and the 
surface may be in communication by down finking m which a pressure pulse from the surface is transmitted through 

10 the drilling flutd with'm the fluid channel to a transcehrer. The transcehrer converts the pressure pulse to electrical 
signals which are used to control the tool This aspect of the invention allows the tool to be linked to the surface, 
and allows Measurement While Drilling systems, for example, to be controlled from the surface. Additional elements 
known in the art may be linked to the various embodiments of the present invention. 

b) another preferred aspect, the apparatus may be equipped with directional control to allow the tool to 

15 move in forward and backward directions within the passage. This allows equipment to be placed in desired 
locations within the borehole, and eRminates the removal problems associated with known apparatuses. It wSi be 
appreciated that the tool In each of the preferred aspects may also be placed In an idle or stationary position with 
the passage. Further, It will be appreciated that the speed of the tool within the passage may be controlled. 
Preferably, the speed is controlled by the power delivered to the tool. 

20 These preferred aspects of the present inyentkm can be used, for example, in combination with drilling tools 

to drill new boreholes which extend at vertical, horizontal or mclined angles. The present invention also may be used 
with existing boreholes, and the present invention can be used to drill incGned or horizontal boreholes of greater 
length than those known m the art. Advantageously, the tool can be used with conventional rotary driDing 
apparatuses or coiled tubing drilling iapparatuses. The tool is also, cdmpatble with various drill bits, motors, MWD 

25 systems, downhole assemblies, pulling tools, lines and the Gke. The tool is also preferably configured with connectors 
which allow the tool to be easily attached or disconnected to the drill string and other related equipment 
Significantly, the tool allows selecthrely continuous force to be appfied to the drill bit, which increases the Gfe and 
promotes better wear of the drlQ bit because there are no shocks or abrupt forces on the drill bit. This continuous 
force on the drill bit abo allows for faster, more consistent drilling. It will be understood that the present Invention 

3D can also he used with muhiple types of drill bits and motors, allowing it to drill through different kinds of materials. 

It will also be appreciated that two or more tools, in each of the preferred embodiments, may be connected 
m series. This may be used, for example, to move a greater distance within a passage, move heavier equipment 
within a passage, or provide a greater force on a drill fait. Additionally, this could aDow a plurality of pieces of 
equipment to be moved simultaneously within a passage. 

35 Advantageously, the present invention can be used to puU the drill string down the borehole. This 

advantageously eliminates many of the compression and rotational forces on the drlD string, which cause known 
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systems to f aH. The invention is also relatively simple and efiminates many of the multiple parts required by the prior 
. art apparatuses. Significantly, m one preferred aspect the tool is self-contained and can fit entirely within the 
borehole. Further, the grippniB structures of the present invention do not damage the borehole waib as do the 
anchormg structures known in the art For these and other reasons described bi more detail below, the present 
5 invention is an improvement over known systems. 

The present invention also makes driBng in various bcatkms possible because, for example, o9 reserves that 
are currently unreachable or uneconomical to devetop using kiiown methods and apparatuses can be reached by usoig 
an apparatus of the present bivention to driD horizontal or mcibied boreholes of extended length. :This allows 
economically marginal oil and gas fieUs to be productively exploited, in short the preferred embodimeiits of tiie 
.10 present invention present substantial advantages over the apparatuses and methods discbsed m the prior art. 

Brief Description of the Drawings 
These and other features of the invention will now be described with reference to the drawfaigs of preferred 
embodiments, which are intended to illustrate and not to Gmit the invention. 

Figure 1A is schematic diagram of the major components of an embodiment of the present invention in 
15 conjunction with a coiled tubmg drilling system. 

Figure IB is a schematic diagram of the major components of another embodiment of the present invention 
in conjunction with a working unit. 

Figure 2A is a cross-sectional view of another embodiment of the present invention, showing the forward 
section in the thrust stage, the aft section in the reset stage, and the forward griper mechanism inflated. 
20 Figure 2B is a cross-sectional view of the embodiment in F^ure 2A, showing the forward section in the 

end-of-thrust stage, the aft section in the reset stage, and the forward gripper mechanism inflated. 

Figure 2C is a cross-sectional view of the embodiment in Figure 2B, showing the forward section in the 
reset stage, the aft section m the thrust stage, and the aft gripper mechanism inflated. 

Figure 20 is a cross-sectional view of the embodiment in Figure 2C, showing the forward section in the 
25 reset stage, the aft section in the end-of-thrust stage, and the aft gripper mechanism inflated. 

Figure 2E is a cross-sectional view of the embodiment in Figure 20, showing the forward section in the 
thrust stage, the aft section in the reset stage, and the forward gripper mechanism inflated, sfaniiar to Figure 2A. 

Figure 3 is a process and instrumentation schematic diagram of the embodonent in Figure 2A, with the 
forward gripper mechanism inflated. 
30 Figure 4 is a process and instrumentation schematic diagram of the embodiment in Figure 2A, with the aft 

. gripper mechanism inflated. 

Figure 5 is a cross-sectional view of another embodiment of the mventbn. 
Figure 6 is an enlarged cross-sectional view of the front end of the embodiment in Figure 5. 
Figure 7 is an enlarged cross-sectional view of a piston-barrel assembly of the embodiment in Figure 5. 
35 . Figure 8 is an enlarged cross-sectional view of the flow channels and packerfoot assembly of the 

embodiment in Figure 5. 
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Figure 9 is a cross-sectional view of the packerfoot assembly in the uninflated position taken along fine 9-9 
shown tn Figure 8. 

Figure 10 is a cross-sectional view of the packerfoot assembly in the mflated position taken along Ene 9-9 
shown in F^ure 8. . 
5 Figure 1 1 is an enlarged cross-sectional view of the vahre control pack of the embodbnent m Fqure 5. 

Figure 12 is an enlarged cross-sectional view of the connection between the valve control pack and the 
forward section of the embodbnent m Figure S. 

Figure 13 is an enlarged cross-sectional view of the connection between the vahre control pack and the aft 
section of the embodiment in Figure 5. 
10 Figure 14 is an enlarged end view of the vahre control pack taken along ine 14-14 shown m Figure 11. . 

Figure 15 is an enlarged end view of the valve control pack taken along fine 15-15 shown in Figure 11. 

Figure 16 is a schematic diagram showbg the fkiw path of the fluid through the vahre control pack of the 
embodiment m Figure 5. 

Figures 17A14 are four cross sections of the vahre control pack taken along the Bnes 17A1-4-17A14 of 
15 Figure IS with the valves removed. 

Figure 17B is a cross section of the vahre control pack taken along the One 17B-17B in Figure 14 with the 
vahres removed. 

Figure 18 Is a process and instrumentation schematic diagram of another embodiment of the invention, 
providing for a closed system showing the forward gripper mechanism inflated. 
20 Figure 19 is a process and instrumentation schematic diagram of the embodiment in Figure 18, showing 

the aft gripper mechanism inflated. 

Figure 20 is a process and mstrumentation schematic diagram of yet another embodiment of the invention, 
providing for directional control, with the forward gripper mechanism inflated and the directional control set in the 
forward position. 

25 Figure 21 is a process and instrumentation schemata diagram of the embodiment in Figure 20, showmg 

the aft gripper mechanism inflated. 

Figure 22 is a process and instrumentetion schematic diagram of the embodiment in Figure 20, showmg 
the forward gripper mechanism inflated and the directional control set in the reverse position. 

Figure 23 is a process and instrumentation schematic diagram of the embodiment in Figure 22, showing 
30 the aft gripper mechanism inflated. 

Figure 24 is a process and instrumentation schematic diagram of a further embodiment of the invention, 
whh electrical controls and a directional control vahre. 

Detailed Description of the Preferred Embodiments 
As shown in Figure 1A, an apparatus and method for moving equipment within a passage is configured in 
35 accordance with a preferred embodiment of the present invention. In the embodiments shown in the accompanymg 
figures, the apparatus and methods of the present mvention are used in conjunction with a coiled tubing drSling 
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system 100. It wifl be appreciated that the present invention may be used to move a wide variety of tools and 
. equipment within a borehole, and the present invention can be used in conjunction with numerous types of drilling, 
incbding rotary drBEng and the Hke. Additionally, it wSI be understood that the present invention may be used m 
many areas including petroleum drBling, mineral deposit drilling, pipeline installation and maintenance, communications. 
5 and the ike. 

It wOl be understood that the apparatus and method for moving equipment witlun a passage may be used 
01 many appGcations in addition to drffiing. For example, these other applications inchide weD completion and 
production work for producing oi.from an oil weO. pipeEne work, and communication activities. It will beiappreciated 
that these applications requve the use of other equipment in conjunction with a preferred embodiment of the present 

10 device so that the device can move the equipment within the passage. It wO be appreciated that this equipment 
generally referred to as a working unit, is dependent upon the specific appGcation undertaken. 

For example, one of ordinary skin in the art wiB understand that well completion typically requires that the 
reservoir be togged using a variety of sensors. These sensors may operate using resistivity, radioactivity, acoustic, 
and the like. Other logging activities inchjde measurement of formation dip and borehole geometry, formation 

15 sampGng, and production logging. These completion activhies can be accomplished in incFmed and horizontal boreholes 
using a preferred embodiment of the device. For instance, the device can deliver these various types of logging 
sensors to regions of mterest The device can either place the sensors in the desired location, or the device may 
idle in a stationary position to allow the measurements to be taken at the desired locations. The device can also 
be used to retrieve the sensors from the well 

20 Examples of production work that can be performed with a preferred embodiment of the device incbide 

sands and solids washing and acidizing. It is known that weQs sometimes become clogged with sand and other 
solids that prevent, the free flow of oD into the borehole. To remove this debris, specially designed wash'mg tools 
known in the industry are delivered to the region, and f kiid is injected to wash the region. The fhiid and debris then 
return to the surface. These washing tools can be delivered to the region of interest by a preferred embodiment 

25 of the device, the washing activity performed, and the tool returned to the surface. Similarly, wells can become 
clogged with hydrocarbon debris that b removed by acid vvashing. Again, the device can deCver the acid washmg 
tools to the region of interest, the washing actmty performed, and the acid washing tools returned to the surface. 

In another example, a preferred embodiment of the device can be used to retrieve objects, such as damaged 
equipment and debris, from the borehole. Foi^ example, equipment may become separated from the dn1l string, or 

30 objects may faD into the borehole. These objects must be retrieved or the borehole must be abandoned and plugged. 
Because abandonment and plugging of a borehole is very expensive, retrieval of the object is usually attempted. A 
variety of retrieval tools known to the mdustry are available to capture these lost objects, this device can be used 
to transport retrieving tools to the appropriate hication, retrieve the object, and return the retrieved tool to the 
surface. 

35 In yet another example, a preferred embodiment of the device can also be used for cofled tubing 

completions. As known m the art continuous-completnm drill string deployment is becommg increasingly important 
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in areas where it is undesirable to damage sensitive formations in order to run productbn tubing. These operations 
require the installation and retrieval of fuDy assembled completion drill string in boreholes with surface pressure. 
This device can be used in conjunction with the deployment of conventional velocity string and sonple primary 
productbn tubing installations. The device can also be used with the deployment of artificial Eft installations. 
5 AdditionaDyr the device can also be used with the deployment of artificial Gf t devices such as gas Eft and downhob 
f tow control devices. 

in a further example, a preferred embodiment of the device can be used to senrice plugged pipebies or other 
sbnflar passages. Frequently, pipefines are difficult to service due to physical constraints such as tocatbn m deep 
water or proximity to metropoBtan areas. Various types of cbanmg devices are currently avaibbb for cleaning 
ID pipelines. These various types of cbaning tools can be attached to the device so that the cbaning toob can be 
moved within the pipeline. 

In sis another example, a preferred embodiment of the device can be used to move communication lines 
or equipment within a passage. Frequently, it is desirsbte to run or move various types of cables or communication 
lines through various types of conduits. This device can move these cables to the desired location within a passage. 

15 It will be understood that two or more of the preferred embodiments of the device may be connected m 

series. This may be used, for exampte, to allow the device to move a greater distance within a passage, move 
heavier equipment within a passage; or provide a greater force on a drill bit. Additionally, this could allow a plurality 
of pbces of equipment to be moved simultaneously within a passage. 

As can be seen from the above examples, preferred embodiments of the device can provide transpoftatbn 

20 or movement to various types of equipment within a passage. 
Basic System Components 

As shown in Figure 1A, the coiled tubing drilling system 100 typically inchides a power supply 102, a tubing 
reel 104, a tubing guide 106, and a. tubing injector 110, which are well known in the art As known, cobd tubing 
1 14 is inserted into a borehob 132, and drKng fhiid is typically pumped through the inner flow channel of the coiled 

25 tubmg 114 towards a drill bit 130 located at the end of the drill string. Positioned between the drOI bit 130 and 
the coiled tubing 114 b a puQer-thnister downhob tool 112. The drifl bh 130 b generally contamed In a bottom 
hob assembly 120, which can include a number of ebments known to those skilbd in the art such as a downhob 
motor 122, a Measurement While Drilling (MWD) system 124, and an orientation device which b not shown in the 
accompanying figures. The pulbr-thruster downhob tool 112 b preferably connected to the coiled tubing 114 and 

30 the bottom hob assembly 120 by connectors 1 16 and 126, respectively, descrBied below. It wiQ be understood that 
a varbty of known methods may be used to connect the putler-thruster downhob tool 112 to the coited tubing 114 
and bottom hob assembly 120. In this system, the drilling fluid b pumped through the inner fbw channel of the 
coiled tubing 114, through the pulbr-thruster downhob tool 112 to the driO bit 130. The drilfing fluid and drilling 
debris return to the surface in passages between the exterbr surface of the tool 112 and the inner surface of the 

35 borehob 132, and the spacing between the exterior surface of cotbd tubing 114 and the inner surface of the 
borehob 132. 
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When operated, the tool 112 is configured to move within the borehole 13Z This movement allows, for 
example, the tool 112 to maintain a preselected force on the drffl bit 130 such that the rate of drSIing can be 
controDed. The tool 112 can also be used to mamtain a preselected force on the drill bit 130 such fhat the drill 
bit 130 is constantly being forced into the formation. Alternatively, the tool 112 may be used to move various types 
S of equipment within the borehole 132. Advantageously, h co3ed tubing driSng, for example, the tool112 alows 
sufficient force to be maintamed on the driD bit 130 to pennit drifing of extended inclined or horizontal boreholes. 
Significantly, because the tool 112 pulls the coied tubing 114 through the borehole 132, this eiimmates many of 
the compression forces that cause coSed tubing in conventional systems to f afl. 

It wiB be understood that the apparatus of the preferred embodiment b used to produce extended horizontal 

10 or inclmed boreholes in conjunction whh this or andar coiled tubing drOEng surface equipment, or vvith a rotary 
drilling system, as known in the art^ The tool 112, however, may also be utpized with other types of drilling 
equipment, logging systems, or systems for moving equipment within a passage. 

As seen in Rgure IB, in another preferred embodiment, the tool 112 can be used in conjunction with a ■ 
workaig unit 119. This allows the tool 1 12 to move the working unit 1 19 within the borehole 132. For example, 

15 the tool 112 can place the working unit 119 in a desired location, or the tooM12 may idle the working unit 119 
in a stationary position for a desired time. The tool 112 can also be used to retrieve the working unit 119 from 
the borehole 132. The working unit 119 may include various sensors, instruments and the fike to perform desired 
functions within the borehole 132. For example, the working unit 119 may be used with well completion equ'qiment, 
sensor equipment, logging sensor equipment, retrieval assembly, pipefine servicing equipment, and communications 

20 line equ'qiment. The tool 112 and/or working unit 119 may be connected to the surface by a connection line 134. 
The connection line 134 may, for instance, provide power or communication between the toot 112 and the surface. 

Referring, to F^ures 2A and 2B, the major components of the puller-thruster dpwnhole tool 112 are 
Blustrated. As seen in Figures 2A and 2B, the tool 112 generally comprises a series of three concentric cylindrical 
pipes 201: an innermost cylindrical pipe 204, a second or middle cylindrical pipe 210, and a third or outer cyEndrical 

25 pipe 214. Tbe tool 112 is also divided into a forward section 200, an aft section 202, and a center section 203. 
The innermost cylindrical pipe 204 def mes a central f tow channel 206 which extends through the forward, aft and 
center sections 200, 202, and 203, respecthrely, of the tool 111 The second cyBndrbal pq)e 210 surrounds the 
innermost cylindrical pipe 204 at a distance from the innermost cylindrical pipe 204, to create a first inner channel 
or annulus 212 in which fhiid may flow. As shown in the accompanying figures, the first annulus 212 is divided 

30 into a first aft annulus 212A in the aft section 202 of the tool 112 and a first forward annulus 2i2F m the forward 
section 200 of the tool 112. The first aft annulus 21 2A and first forward annuhis 21 2F are generally referred to 
as return flow annuli because these annuli allow fhiid to return from the forward section 200 and aft section 202 
to the center section 203 of the tool 112 during the reset stage. The outer cyGndrical pipe 214 surrounds the 
second cylindrical pipe 210 at a distance from the second cylindrical pipe 210, defining a second inner flow channel 

35 or annulus 216. The second annuhis 216 is dhrided into a second aft annulus 216A In the aft section 202 of the 
tool 112 and a second forward annuhis 2i8F in the forward section 200 of the tool 1 12. The second annuli 216A 
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and 21 6F are generally referred to as a power flow anntifi because these aiinuli aDow fluid to flow from the center 
section 203 to the forward and aft sections 200 and 202, respecthrely, during the thrust stage. The central flow 
channel 206, the return flow annuG 21 2A and 21 2F, and the power flow annuG 21 6A and 21 6F are in fluid 
communication with a vahre control pack 220 located in the center section 203 of the tool 112. The tool also 

5 includes a forward gripper mechanism 222 located in the forward section 200 and an aft gripper mechanism 207 
located in the aft section 202. 

Hxed to the exterior surface of the oiiter cylindrical pipe 214 of the forward section 200 are two forward 
pistons 224. The forward pistons 224 are positioned within correspondmg forward barrel essembKes 226. The 
forward barrel assemblies 226 reciprocate about the fixed forward pistons 224, and the forward gripper mechanism 

10 222 is attached to the forward barrel assembEes 226 such that the forward gripper mechanism 222 moves with 
the forward barrel assemblies 226. The forward pistons 224, the forward barrel assemblies 226, and the outer 
surface of the outer cylindrical pipe 214 generally define forward reset chambers 230 and forward power chambers 
232 in the forward section 200 of the tool 112. 

Fixed to the exterior of the outer cylindrical pipe 214 of the aft section 202 of the tool 112 are two aft 

IS pistons 234. The aft pistons 234 are positioned within the corresponding aft barrel assemblies 236. The aft barrel 
assemblies 236 reciprocate about the fixed aft pistons 234, and the aft gripper mechanism 207 is attached to the 
aft barrel assemblies 236 such that the aft gripper mechanism 207 moves with the aft barrel assembfies 236. The 
aft pistons 234, the aft barrel assemblies 236, and the outer surface of the outer cyfodrical pipe 214 generafly 
define aft reset chambers 240 (Figure 2B) and aft power chambers 242 in the aft section 202 of the tool 112. 

20 As shown In Fqures 2A and 28, the power flow annuB 216A and 216F are m fluid conummtcatnn with 

the forward gripper mechanism 222 because fluid can flow through the forward power chambers 232 (Figure 28) 
of the forward piston and barrel assembly. The power flow annulus 216A is also in fluid communication with the 
aft gripper mechanism 207 through the aft power chambers 242 of the aft piston and barrel assembly. The return 
flow annuli 21 2F and 21 2A are in fhiid communication with the forward and aft reset chambers 230, 240 (Figures 

25 2A and 28) of the forward and aft sections 200 and 202. respectively. It wifl be understood that any number of 
forward or aft piston and barrel assemblies may be used depending upon the inteiided use of the tool 112. 
Advantageously, because the piston and barrel assemblies are located in series, the tool 112 may be arranged to 
develop a large amount of thrust or force. 
Overview of System Flow Pattern and Operation 

30 Figures 2A'2E filustrate the general flow of fluid within the tool 112. In this embodiment, the tool 112 

is located within a borehole 132. The borehole 132 shown in the accompanying figures b horizontal, but it will be 
understood that the borehole 132 may be of any orientation depending upon the mtended use of the toot 112. 
Ahhough not shown in the accompanying Figures 2A-2E, the coOed tubing 114 is preferably connected to the tool 
112 by box connector 116 and the bottom hole assembly 120 is preferably connected to the tool 112 by pin 

35 connector 126. The box and pin connectors 116, 126 are described in more detaB below. Thus, as shown,, the 
forward section 200 of the tool 112 is located proximate the bottom hole assembly 120. It will be appreciated that 
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these forward and aft designations are only used for clarity in descr&ing tlie tool 1 12 shown in the anached figures, 
and the actual designations are dependent upon the particular orientation of the tool 1 IZ Further, one of ordinary 
skil in the art wiD recognize that the tool 112 may be used for a wide variety of purposes, such as logging or 
moving equipment within a borehole, and that a variety of known equipment may be attached to the tool 112. 

5 When the tool 1 12 is used in conjunction with rotary or coiled tubing drilfing, the drill suing provides driffing 

fhtid to the central flow channel 206. Typically, the drilBng fluid is drilling mud which b pumped from the surface, 
through the drS string and central flow channel 206, to the bottom hole assembly 120. The drSlihg fluid is returned 
to the surface in the area between the inner surface 246 of the borehole 132 and the outer surface of tiie tool 112. 
As showii in. Figures 2A-2E. the tool 112 is configured to aDow a portion of the drilling fhiid contained within the 

10 central flow channel 206 to enter the tool 112 through an opening 205. The opening 205 is preferably located in 
the center section 203 of the tool 112, such that the fhjid can enter the valve control pack 220. As described 
below, the valve control pack 220 directs the flow of fluid within the tool 112. 

In particular, as shown in Figure 2A, the drilling fluid is directed to the valve control pack 220 through the 
power flow annutus 21 6F to the forward power chambers 232. DriHing fluid also flows through the forward power 

15 chambers 232 to the forward gripper mechanism 222. As the drilling fluid flows into the forward gripper mechanism 
222, a forward expandable bladder 250 inflates, contacting and applying a forcie against the inner surface 246 of 
the borehole 132. This force fixes the forward gripper mechanism 222 of the tool 112 relative to the inner surface 
246 of the borehole 132. This also fnes the forward barrel assembOes 226 relathre to the borehole 132 because 
the forward barrel ass^embfies 226 are rigidly attached to the forward gripper mechanism 222. As seen m Figures 

20 2A end 2B, in this positkin the forward pistons 224 are almost contacting the aft ends of the forward barrel 
assembBes 226, and forward expandable bladder 250 is inflated. Once the forward expandable bladder 250 is 
inflated, the drOiing f bid continties to fiD the space between the aft ends of the forward barrel assemblies 226 and 
forward pistons 224, so as to fill the forward power chambers 232. Because the forward pistons 224 can 
reciprocate within the forward barrel assemblies 226, the pressure of the fhiid m the forward power chambers 232 

25 begins to push the forward pistons 224 towards the forward end of the forward barrel assemblies 226. The 
forwardly moving forward pistons 224, which are securely attached to the outer cylindrical pipe 214 of the three 
concentric cylindrical pipes 201, also cause the three concentric cyfindrical pipes 201 to move forward a 
corresponding distance d. For example, if the forward pistons 224 are pushed forward a distance d relathre to the 
fixed forward barrel assembOes 226, the three concentric cylindrical pipes 201 are also pushed forward a distance 

30 d because the three concentric cylindrical pipes 201 and forward pistons 224 are securely interconnected. . Thus, 
as seen in Figures 2A and 28, this causes the tool 112 to be generally pushed forward a distance d. 

In an alternate configuration, the outer cylindrical pipe 214 and the inner mandrel 556 can have matching 
splines or grooves. This allows the transmission of rotational displacement from the coOed tubing 114 through the 
connector 116 to the aft. barrel assemblies 236 through the aft expandable bladder 252 to the inner surface 246 

35 . of the borehole 132. This configuratnn advantageously prevents rotational displacement from the downhole motor 
122 bemg defivered to the coOed tubing 114, thus assisting m the prevention of helical buckling. 
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As seen in Figure 2B, the forward pistons 224 have been pushed forward proximate the forward ends of 
the forward barrel assembfies 226. WhSe the forward pistons 224 are moving forwardly in the forward section 200 
of the tool 112, the pressure in the return flow annulus 212A is causing the aft pistons 234 to be reset. In 
particular as shown in Figure 2A, the aft pistons 234 are initially located proximate the forward ends of the aft 

5 barrel assemblies 236. During the reset stage the aft barrel assemblies 238 are reset by the fbfal in the return flow 
annulus 212A which fiQs the aft reset chambers 240 (the space between the forward end of the aft barrel 
assembfies 236 and the aft pistons 234) of the aft section 202. The fluid in the aft reset chambers 240 forces 
the aft barrel assembfies 236 to move relative to the aft pistons 234. Thu b because the aft pistons 234 are fixed 
with respect to the outer cyfindrical pipe 214 and the three concentric cyEndrical pqies 201, while the aft barrel 

10 assembfies 236 are sfidably mounted about the aft pistons 234 (note that the aft expandable bladder 252 of the 
aft grqiper mechanism 207 is not inflated during the reset stage). The fluid fifling the forward reset chambers 230 
causes the aft pistons 234 to be located proximate the aft ends of the aft barrel assembfies 236, as shown in Figure 
2B. The tool 112 is preferably configured such that the aft pistons 234 are reset prtor to the completion of the 
forward section 200 thrust stage. 

IS. In Rgure 28, the forward pistons 224 and the three concentric cyfindrkal pipes 201 have been pushed 

forward a distance d< while the aft pistons 234 are reset. At this point, as shown in Figure 2C, the forward 
expandable bladder 250 of the forward gripper mechanism 222 begins to deflate, and fluid flows from the vaWe 
control pack 220 into the power flow annulus 216A into aft power chambers 242 and the aft gripper mechanism 
207 of the aft section 202 of the tool 112. As fluid flows into the aft gripper mechanism 207, the aft expandable 

20 bladder 252 inflates, contacting and applying a force against the inner surface 246 of the borehole 131 This force 
fixes the aft gripper mechanism 207 and aft barrel assemblies 236 with respect to the borehole 132, as shown m 
Figure 2C. 

As fluid enters the aft power chambers 242, the aft pistons 234 begin to move forward relatwe to the aft 
barrel assembfies 236 and toward the forward ends of the aft barrel assembfies 236. This movement propels the 

25 aft pistons 234 and three concentric cylindrical pipes 201 of the tool 112 forward. This causes the tool 112 to 
move forwardly within the borehole 132 while simultaneously pulling the coiled tubing 114 behind it. The fluid in 
the forward reset chambers 240 of the aft section 202 b forced out into the return flow annulus 21 2A by the 
forward movement of the aft pistons 234, providing.pressure fai the return flow annulus 212A. Simuhaneousty, fhiul 
is driven through the return flow annulus 21 2F into the forward reset chambers 230 of the forward section 200 

30 of the tool 112 to reset the forward pistons 224 and forward barrel assemblies 226. In a similar manner to that 
described above, fluid forces the forward barrel assembfies 228 to move forward relative to the forward pistons 224 
(note that the forward expandable bladder 250 is not inflated during the reset stage). The reset stage causes the 
forward pistons 224 to be located proximate the aft ends of the forward barrel assembfies 226, as shown in Figure 
20. 

35 At this point, the forward expandable bladder 250 begins to inflate, contacting and applying a force against 

the inner surface 246 of the borehole 132. The aft expandable bladder 252 then begins to deflate. As shown in 
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Rgure 2E, the flow cycle can then begin again because the piston and banel positions are the same as shown in 
Hgure 2A. Advantageously, the operation of the tool 112 in the manner descriied above allows the tool 112 to 
selectively continuously move within the borehole 132. This permits the tool 112 to quickly move withm the 
borehole 132 and, in a preferred embodiment, to continuously force a dril.bit 130 into the formation. A continuous 
5 force on the drQI bit 130 can significantly inaease the rate of drffing and fife of the driD bit because, for example, 
the drill bit 130 can drS at a generally continuous rate. In contrast, known systems repeatedly surge or force the 
drifl bit intb the formation which slows the drffling process and greatly increases the stresses on the drill bit, causing 
premature bit wear and faOure. . 
now Throuoh the Vahre Control Pack 

10 Figures 3 and 4 Bhistrate the vake control pack 220 in schematic fomu In this preferred embodiment, the 

vahre control pack 220 includes four vahres: the idler startfstop vahre 304, the six-way vahre 306, the aft reverser 
valve 310, and the forward reverser vahre 312. Before the drilling fhiid reaches these vahres, the fluid preferably 
flows through a filter system. Specif icaliy, fluid flows from the central flow channel 206, through the opening 205 
and into five filters 302. The five filters 302 are in parallel arrangement to increase the reliability of the tool 112 

15 because the tool 112 can operate with three of the fhre filters 302 not functioning. This allows the tool 112 to 
be operated for a much kinger period of time before the filters 302 must be cleaned or replaced. In addition, the 
paraDel filter configuration minimizes pressure bsses of the fluid entering the tool 111 The fBters 302 are 
preferably positioned within the tool 112 to allow easy access and removal so that each filter or aH the filters 302 
may be quickly and easily replaced. 

20 The filters 302 are designed to remove particles and debris from the drilling fluid which increases the 

reliability and durability of the tool 112 because impurities that may wear and damage tool elements are removed. 
Filtering also aUows greater tolerances of the various elements contained within tool 112. Preferably, the filters 302 
are designed to remove particles greater than 73 microns in diameter. It wH be appreciated that the size and 
number of fflters 302 may be varied according to numerous factors, such as the type of dryfrng fluid utilized or the 

25 tolerances of the tool 112. Preferably, filters 302 are a wire mesh filter manufactured by Ejay FBtration, bic. of 
Riverside, California. 

The filtered drilling fhiid then f tows to the Uler start/stop valve 304 which controls whether fluid flows 
through the vahre control pack 220. Thus, the idler start/stop vahre 304 preferably acts fike an on/off switch to 
control whether the tool 112 is moving within the borehole 132. Preferably, the idler start/stop valve 304 is set 

30 at some predetermined pressure set-point, 500 psid, for example. This pressure set-point is based on differential 
pressure between the central flow channel 206 and the pressure in the idler start/stop vahre 304 pilot tine, which 
connects the central flow channel 206 and the exterior surface of the tool 112. When the pressure of the drilling 
fluid in the central f tow channel 206 exceeds the predetermined pressure set-point, the Mler startfstop valve 304 
actuates allowing fluid to enter the idler startfstop vahre 304. When the idler start/stop vahre 304 opens, the filtered 

35 . drilling mud flows from the idler start/stop valve 304 into the six-way vahre 306. The six-way vahre 306 can be 
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actuated into one of three positions, two of which are shown in Figures 3 and 4. The center position, not 
illustrated, is an idle position that prevents fluid flow into the six-way vahre 306. 

As seen in Figure 3, the six-way valve 308 b shown in position to supply fhiid to the aft power chambers 
232 of the forward section 200 of the tool 112. In this position, flow exits the six-way vahre 306 through openmg 

5 C2 where it b directed through the power flow annuhis 216F into the forward section 200 forward power chambers 
232 and into the forward gripper mechanism 222. The drflling f hitd inflates the forward expandabte bladder 250 
of the forward gripper mechanism 221 The forward expandable bladder 250 assumes a position contactmg the mner 
surface 246 of the borehole 132 preventing free relathre movement between the borehole 132 and the forward 
expandable bladder 250. The forward pistons 224, connected to the outer cyfindrical pipe 214, move forward 

10 relatnre to the forward barrel assemblies 226 as fhiid fills the forward section 200 forward power chambers 232. 
This causes the three concentric cyfindrical pipes 201, which are connected to the forward pistons 224, to move 
forward. 

Simultaneously, flow exits the six-way vahre 306 through opening C3, enters the return flow annuhis 21 2A, 
proceeds into the aft section 202 of the toot and flows into the aft section 202 aft reset chambers 240. The 

IS pressure of the fluid in the aft reset chambers 240 causes the aft barrel assemblies 238 to move forward relative 
to the aft pistons 234. The forward movement of the aft barrel assemblies 236 causes fluid in the aft power 
chambers 242 and the aft gripper mechanism 207 to flow into the power flow annulus 21 6A. This fluid then flows 
into the six-way vake 306 through passage CI. Simuttaneously, flow is driven out of the forward section 200 
forward reset chambers 230, into the return flow annulus 212F, and into the six-way valve 306 through port C4. 

20 These movements generally show the forward section 200 thrust stage or power stroke. During this power 

stroke the forward section 200 causes the three concentric cylindrical pqies 201 to move forward within the 
borehole 132. Advantageously, in a preferred embodiment, this movement can be used to force the drill bit 130 into 
a formation. At the end of the forward section 200 power stroke, the six-way vahre 306 is actuated due to 
pressure, differences between the aft reverser vahre 310 and the forward reverser vahre 312. This pressure 

25 differential is caused by the pressure difference between the flow leaving the aft section 202 aft power chambers 
242 and the flow entering the forward section 200 forward power chambers 232. These flows enter the power 
flow annulus 216 and flow to the forward reverser vahre 312 and the aft reverser vahre 310, respecthrely. This 
pressure differential causes the six-way valve 306 to move into position to supply fhikl to the aft section 202 aft 
power chambers 242, as shown in Figure 4. 

30 In the position shown in Figure 4, drilling fluid flows from the central flow channel 206 through the opening 

205 through the five parallel f Oters 302 and Into the idler start/stop valve 304. From the idler startistop valve 304, 
the drilling fluid flows into the six-way valve 306. Fluid exits the six-way valve 306 through passage CI where it 
flows through the power flow annulus 21 6A to the aft gripper mechanism 207. The aft expandable bladder 252 
of the aft gripper mechanism 207 inflates as drilling fluid flows into it from the power flow annulus 21 6A. The aft 

35 expandable bladder 252 assumes a position contacting the inner surface 246 of the borehole 132 preventing free 
relathre movement between the borehole 132 and the aft expandable bladder 252. Fhiid also flows through passage 
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C1, through the power flow ennuhis 216A and into the aft section 202 aft power chambers 241 Hie pressure of 
. the fhrid in the aft power chambers 242 pushes the aft pistons 234 forward. The three concentric cyfindrical pipes 
201 are also pushed forward because the pipes 201 are connected to the aft pistons 234. 

Sbnultaneously, fhiid is directed from the six-way vahre 306, through passage C4, and the return flow 

•5 annulus 21 2F, and into the forward section 200 forward reset chambers 230. the fluid pressure in the forward 
reset chambers 230 causes the forward barrel assemblies 226 to niove forward relathre to the forward pistons 224. 
This also causes the fluid in the forward gripper mechanism 222 and the forward section 200 forward power 
chambers 232 to flow into the power flow annuhis 21 6F. Tlus fluid bi the power flow aiinuhis 21 6F: then flows 
mto the six-way vahre 306 through passage C2. These movements comprise the aft section 202 power stroke. 

10 During this power stroke, the three concentric cylindrical pipes 201 move forward within the borehole 132. At the 
end of the aft sectun 202 power stroke, the forward reverser vahre 312 actuates the six-way vahre 308 due to 
pressure differences between the forward reverser vahre 312 and the aft reverser valve 310. This acthration forces 
the six-way vahre 306 into the position illustrated in Figure 3. This cyclic movement between the positions of Figure 
3 and Figure 4 continues untfl the tool 112 is stopped. Preferably, the tool 112 is stopped by decreasing the 

15 pressure of the drilling fluid in the central flow channel 206 to create a differential pressure below the predetermined 
set-point such that the idler startlstop valve 304 is not activated. 
Detailed Structure of the Forward and Aft Sections 

Figures S-17 provide a more detailed view of the structure of a preferred embodiment of the present 
invention. As best seen in Figures 5 and 6, the forward section 200 of the puOer-thruster downhole tool 112 is 

20 linked to the bottom bole assembly 120 or other simpar equipment by a connector 502. The connector 502 is 
preferably a pin connector which readily allows connection of the tool 112 to a variety of different types of 
equipment. Most preferably, this pin connector 502 incbdes a phiraBty of threads 501 which allows threaded 
connection of the tool 112 to the bottom hole assembly 120 and other known equipment. . The pin connector 502 
can withstand a large amount of torque to ensure a secure connection of the tool 112 to the bottom hob assembly 

25 120. The other end of connector 502 is coupled to the three concentric cybidrical pipes 201. As described above, 
the three concentric cylindrical pipes 201 inchide the innermost cy&ndrical pipe 204 which defines the central ftow 
channel 206. The second or middle cylindrical pipe 210 surrounds the innermost cylindrical pipe 204 at a distance 
from the innermost cyOndrkal pipe 204, defining the first flow channel or return flow annulus 21 2F. The outer 
cylinder pipe 214 surrounds the second cylindrical pipe 210 at a distance from the second cylindrical pipe 210, 

30 defining a power flow annulus 21 6F. The innermost cyfrndrical pipe 204 has a thickness rangmg from 0.0625 to 
0.500 inches, most preferably 0.085 inches. The innermost cylindrical pipe 204 can be constructed of various 
materials, most preferably stainless steel. Stamless steel is used to prevent corrosion, increasing the life of the tool 
112. The innermost cylindrical pipe 204 defines a central flow channel 206 ranging m. diameter from 0.6 to 2.0 
inches, most preferably 1.0 inch. The second cyGndricel pipe 210 has a thickness ranging from 0.0625 to 0.500 

35 . inches, most preferably 0.085 inches. The second cyfindrical pipe 210 can be constructed of various materials, most 
preferably stainless steeL The outer cybidrical pipe 214 surrounding the second cySndricel pipe 210 can be 
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constructed of various materiab, most preferably high strength steel type 4130. The outer cybidrical pipe 214 has 
a thickness ranging from 0.12 to 1.0 inches, most preferably 0J35 inches. Preferably, the connector 502 is 
threadably connected to the outer cylindrical pipe 214 to allow for easy assembly and maintenance of the tool 11Z 
As best seen in F^ure 6, the ends of the innermost cyGndrical pipe 204, the second cyEndrical pipe 210, 
5 and the outer cylindrical pipe 214 are connected to a coaxial cyGnder end phig 504. The coaxial cySnder end plug 
504 engages the ends of the three concentric cyGndrical pipes 201 and helps maintam the proper spacing between 
the three concentric cylindrical pipes 201. As shown in F^re 6, the pm connector 502 surrounds the end of the 
outer cylindrical pipe 214 and mates with a stress relief groove 601 in the outer cyGndrical pipe 214. It wQI be 
appreciated that the various embodiments of the present mvention are intended for use in a wUe range of 
10 appGcations. Accordingly, the dnnensions wiD vary upon the intended use of the invention and a wide variety of. 
known materials may be used to construct the invention. Seal 603 is located between the biner surface of the outer 
cyGndrical pipe 214 and the coaxial cylinder end plug 504 to help prevent fhiid from escaping at the connection. 
A seal (not shown) located between the inner surface of the outer cyGndrical pipe 214 and the coaxial cyGnder end 
plug 504 also helps prevent fhiid from escaping at the connection. 
15 The aft section 202 of the puQer thruster downhole toot 112 is Gnked to known equipment, such as the 

drill string, by a connector 510. As best seen in Figure 5, the connector 510 is preferably a box connector which 
allows quick connection and disconnection of the tool 112 to the driD string. The aft section 202 of the puOer- , 
thruster downhole tool 112 also inchides an Innermost cyGndrical pipe 204, a central ftow channel 206, a second 
cyGndrh:al pipe 210, a first flow channel or return ftow annulus 212A, an outer cyGndrical pipe 214, and a second 
20 flow channel or a power flow annuhis 21 6A. The preferred dimensions and materials are generally the same as 
described above, but one skifled in the art wGl recognize that a wide variety of dimensions and materials may be 
utiGzed, depending upon the specific use of the tool 112. 

As seen in Figure 5, the aft ends of the innermost cyGndrical pipe 204, the second cyGndrical pipe 210, 
and the outer cyGndrical pipe 214 are attached to the connector 51 0. The connector 510 preferably includes threads 
25 503 to aGow easy connection and aid in mat'mg the connection elements. This box connector 510 can endure a large 
amount of torque, which helps ensure a secure connection end mcreases the reGablGty of the tool 112. A coaxial 
cylinder end plug 512 engages the aft ends of the innermost cyGndrical pipe 204, the second cyGndrical pipe 210, 
and the outer cyGndrical pipe 214. Seals 514 are located between the mner surface of the outer cyGndrical pipe 
214 and the coaxial cylinder end plug 512 prevent fluid from escaping. 
30 • As best seen in Figures 5 and 7, a fourth cyGndrical pipe or forward piston skin 516 surrounds a portion 

of the forward section of the outer cylindrical pipe 214 at a distance from the outer cyGndrical pipe 214. Positioned 
between the sk'm 516 and the outer cyGndrical pipe 214 are forward barrel ends 522. The forward barrel ends 522 
are rigidly connected to the forward piston skin 516 by means of connectors 524, such as screws. Seals 526 are 
placed between the inner surface of the forward piston skin 516 and the top surfaces of the forward barrel ends 
35 522, and between the bottom surfaces of the forward barrel ends 522 and the outer surface of the outer cyGndrical 
pipe 214 to prevent the escape of fhjid from the forward fhiid chamber 520. Seals 526 are preferably graphite 



wo 97/08418 PCTAJS96/13573 

-20. 

reinforced Teflon or elastomer with urethane reinforcement. The forward barrel ends are preferably configured to 
sGde along the outer surface of the outer cyEndrical pipe 214. 

As shown m Fqure 7, a forward piston assembly 530 is also located between the forward piston skin 516 
and the outer cylindrical pipe 214. Connectors 532 attach the forward piston assembly 530 to the outer cyEndrical 

S pipe 214 and the second cyEndrical pipe 210. Thus, the forward piston assembly 530, which is rigidly fixed to the 
outer cyEndrical pipe 214, is sEdably movable relative to the forward piston skin 516. Seals 534 are located 
between the inner surface of the forward piston skin 516 and the top of the forward piston assembly 530, and 
. between the bottom of the forward piston assembly 530 and the outer surface of the outer cyEndrical pipe 214 to 
prevent fluid from passmg around the outer surfaces of the forward piston assembly 530. The area between the 

10 forward piston skin 516, forward piston assmbfies 530, outer cyEndrical pipe 214, and forward barrel ends 522 
defines a forward f hiid chamber 520. The forward piston assembly 530 b located within the forward fhtid chamber 
520 so as to divide the forward fluid chamber 520 into a forward section 536 and an aft section 540. The forward 
section 536 is in fluid communication with the return flow annulus 212F. A port liner 505, preferably constructed 
of steel, finks the return flow annulus 212F and the forward section 536 of the forward fluid chamber 520 to 

15 prevent the flow of fluid into the power flow annulus 21 6F. The aft section 540 is in fluid communication with the 
power flow annulus 21 6F. A spacer plate 507 may be used to prevent the pinching off of flow in the power flow 
annuhis 21 6F and the return flow annulus 21 2F. 

A fourth cyEndrical pipe or aft piston skin 570 surrounds a portion of the aft section of the outer cylindrical 
pipe 214 at a distance from the outer cyEndrical pipe 214. Positioned between the aft piston skm 570 and the 

20 outer cyEndrical pipe 214 are aft barrel ends 574. The aft barrel ends 574 are rigidly connected to the aft piston 
. skin 570 by connectors 524. Seals 526 are placed between the inner surface of the aft piston skm 570 and the 
top surfaces of the aft barrel ends 574, and between the bottom surfaces of the aft barrel ends 574 and the outer 
surface of the outer cyEndrical pipe 214 to prevent the escape of fluid from the aft fhiU. chamber 571 The aft 
barrel ends are preferably configured to sEde atong the outer surface of the outer cyEndrical pipe 214. 

25 An aft piston assembly 576 is akso tocated bistween the skin 570 and the outer cyEndrical pqie 214. 

Connectors 532 attach the aft piston assembly 576 to the outer cyEndrical pqie 214 and the second cyEndrical pipe 
210. Thus, the aft piston assembly 576, which is rigidly fhed to the outer cyEndrical pipe 214, is sEdably movable 
relative to the aft piston skin 570. Seals 534 are located between the inner surface of the aft piston skin 570 and 
the top of the aft piston assembly 576 and between the bottom of the aft piston assembly 576 and the outer 

30 surface of the outer cyEndrical pipe 214 to prevent fluid from passing around the outer surfaces of the aft piston 
. assembly 576. The area between the aft piston skin 570, aft piston assembEes 576, outer cylindrical pipe 214, 
and aft barrel ends 574 defines an aft fluid chamber 572. The aft piston assembly 576 is located within the aft 
fluid chamber 572 so as to divide the aft fhiid chamber 572 into a forward section 580 and an aft section 582. 
The forward section 560 is in fluid communication with the return flow annulus 21 2A. A port Ener 505 Enks the 

35 return flow annuhjs 212A and the forward section 580 of the aft fhiid chamber 572 to prevent the flow of fluid 
into the power flow annuhis 216A. The aft section 582 is in fluid communication with the power flow annuhis 
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21 6A. A spacer plate (not shown) may be used to prevent the pinching off of ftow in the power flow annutus 21 6A 
and the return flow annuhis 212A. 

The aft end of the forward piston skin 516 attaches to a gripper mechanism. More specifically, the gripper 
mechanism inchjdes an expandable bladder to grip the inner surface 246 of the borehole 13Z In this preferred 

5 embodiment the grqiper mechanism is a packerfoot assennbly 550 that inckides an elastomeric body 55Z As shown 
in Figure 8, the aft end of the forward piston skin SI 6, in this preferred embodknent attaches to a packerfoot 
attachment barrel end 542. The packerfoot attachment barrel end 542 surrounds the outer surface of the outer 
cyGndrical pipe 214 and is sEdable relathfe to the outer surface of the outer cylindrical pipe 214. The forward piston 
skin 516 is connected to the packerfoot attachment barrel end 542 by means of a connector 544« shown in 

10 phantom. Seals 546 are located between the mner surface of the piston skin 516 and the top surface of the 
packerfoot attachment barrel end 542, and between the bottom surface of the packerfoot attachment barrel end 542 
and the outer surface of the outer cylindrical pipe 214. These seals 54i5 prevent fhiid from escaping from the 
forward fluid chamber 520. The aft section of the packerfoot attachment barrel end 542 contains threads 801 to 
allow connection of a forward gripper mechanism 222. The forward gripper mechanism 222 preferably consists of 

15 an expandable bladder. More preferably, the forward gripper mechanism 222 consists of a packerfoot assembly 550. 
. The packerfoot assembly 550 is a gripping structure designed to engage the inner surface 246 of the borehole 132 
and prevent movement of the packerfoot assembly 550 relative to the borehole 13Z. The packerfoot assembly, in 
the preferred embodiment, may be supplied by Oil State Industries in Dallas, Texas. 

The packerfoot assembly 550 contains an elastomeric body 552 that inflates when ftOed with fluid. The 

20 elastomeric body 552 can be made of a variety of known elastomeric materials, the preferred material being 
reinforced graphite or Kevlar 49. The elastomeric body 552 attaches to the packerfoot assembly 550 by means of 
bfind caps 554. The bPind caps 554 are cylinders which fasten the ends of the elastomeric body 552 to an inner 
mandrel 556. The blind caps 554 are preferabhr made of 4130 SteeL The blind caps 554 are attached to the inner 
mandrel 556 by connectors such as set screws 560 and shear pins 56l While the preferred embodiment of the 

25 packerfoot assembly 550 uses set screws 560, shear pins 562, and chemical bonding, it is possible to fasten the 
bGnd caps 554 to the inner mandrel 556 using many fastener means known m the art. The aft end of the inner 
mandrel 556 preferably contains pads 564 located between the inner mandrel 556 and the outer cylindrical pipe 214. 
The pads 564 are constructed of graphite reinforced Teflon in the preferred embodiment, but any stable material with 
a low coefficient of friction could be utifized. A connector such as a retaining screw 566 bonds the inner mandrel 

30 558 to the pad 564. The pad 564 enables the packerfoot assembly 550 to be sHdably movable relative to the outer, 
cylindrical pipe 214. This inovability allows the packerfoot assembly 550 to slide relative to the outer cyFindrical 
pipe 214 as the forward piston skin 516 slides relative to the forward piston assembly 530. 

Shown in Figure 9, the inner mandrel 556 also contains fhiid channels 584. The fluid channels 584 connect 
the elastomeric body 552 with the aft section 540 of the forward fluid chamber 520. The fluid channels 584 aQow 

35 fluid to flow from the power fbw annuhis 21 6F through the fluid channels 584 and into the vohmie between the 
elastomeric body 552 and the inner mandrel 556 of the packerfoot assembly 550. The elastomeric body 552 inflates 
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to 8 position such that it engages the oiner surface 246 of the borehole 132, preventing free relative movement 
between the elastomeric body 552 and the inner surface 246 of the borehole 132. 

Figures 9 and 10 show cross sections of the packerfoot assembly 550 in the uninflated !and inflated 
positions, respecthrely. to the uninflated position the elastomeric body 552. is located proximate the inner mandrel 
5 556. As the aft section 540 of the forward fluid chamber 520 fiDs with fluid from the power flow annulus 216F, 
this fluid enters the fluid channels 584. In the preferred embodiment, ten fluid channels 584 are located m the inner 
mandrel 556. The fluid flowing in the channels 584 begins to expand the elastomeric body 552 to create a channel 
1001 between the elastomeric body 552 and the inner mandrel 556, although a single complete annulus or any 
number of channels could be used. The preferred embodiment allows inflation and deflation at the most effecthre 
10 rate. The fluid fills the channel 1001 expanding the elastomeric body 552 to contact the inner surface 246 of the 
borehole 132, preventing relathre movement between the inner surface 246 and the packerfoot assembly 550, as 
shown in Figure 10. 

As shown in Figure 5, the aft end of the aft piston skin 570 attaches to a packerfoot attachment barrel . 
end 542. The packerfoot attachment barrel end 542 is located proximate the outer surface of the outer cylindrical 

15 pipe 214 and is slidable relative to the outer surface of the outer cyfindrical pqie 214. The aft piston skin 570 is 
connected to the packerfoot attachment banel end 542 by means of a connector 544, shown in phantom. Seals 
546 are tocated between the inner surface of the aft piston skin 570 and the top surface of the packerfoot 
attachment barrel end 542 and between the bottom surface of tiie packerfoot attachment barrel end 542 and the 
outer surface of the outer cyGndrical pipe 214. The seels 546 ere preferably Tefhm-graphite composite or elastomer 

20 with urethane reinforcement. These seals 546 prevent fluid from escaping from the aft fluid chamber 572. The 
aft section of the top portion of tiie packerfoot attachment barrel end 542 contains threads 801 to aDow connection 
of the packerfoot assembly 550^ 
Detailed Structure of the Vahre Control Pack 

As best seen in Figure 5, the vahre control pack 220 is located in the center section 203 of the tool 112 

25 between the forward section 200 and the aft section 202. Figures 1M3 show enlarged views of the valve control 
pack 220 and its connections to the forward and aft sections 200 and 202, respecthrely. The valve control pack 
220 includes an innermost flow channel or center bore 702. The forward and aft ends of the vah/e control pack 
220 connect to the innermost cylindrical pipe 204 by means of stab pipes 602. The stab pipes 602 are designed 
to fit within the center bore 702 and the central flow channels 206 of the forward and aft sections 200 and 202, 

30 to allow fluid to flow to and from the return flow annuO 212A and 212F through vahre control pack 220. The stab 
pipes 602 are generaDy constructed of high strength stainless steel and range in inside diameter from 0.4 to 2.0 
mches, most preferably 0.6 inches. The stab pipes 602 have threads 605 on the ends that connect to the vahre 
control pack 220 to ease connection and ensure a proper fit. Seals 604 and 607 are located between the outer 
surface of the stab pipes 602 and the inner surface of the innermost cylindrical pipe 204. These seals 604 and 607 

35 . are preferably constructed of metal and the seals 604 and 607 prevent fluid from leavhg the central flow channel 
206 end entering the return flow ennuhts 212 or other fhiid chambers witfiin the valve control pack 220. The valve 
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control pack 220 connects to the tnnennost cyfindncal pipe 204, the second cylindrical pipe 210, and the outer 
cyGndrical pipe 214 by means of coaxial cylinder assembly flanges 608. A coaxial cyEnder assembly flange 608 b 
bolted to the forward and aft ends of the valve control pack 220 by a plurafity of connectors 810. Seals 612 
located between the coaxial cyfinder assembly flanges 608 and the second cyEndrical pipe 210 prevent fluid from 

5 entermg the various passages of the vahre control pack 220. 

Four radiaDy outward extending stabffizer blades 814 are preferably connected to the front section 200 and 
the aft section 202 of the pullerthnister downhole tool 112. These stablber blades 614 are used to properly 
position the vahre control pack 220 within the borehole 132. Preferably, the valve control pack 220 is centered 
within the borehole 132 to facffitate the return of the drilling fluid to the surface. The stabifizer blades 614 are 

10 preferably constructed from high strength material such as steel More preferably, the stabiBzer blades are 
constructed of type 4130 steel with an amorphous titanium coating to lower the coefficient of friction between the 
blades 614 and the inner surface 246 of the borehole 132 and increase fluid flow around the stabilizer blades 814. 
The stabilizer blades 614 are connected to the coaxial cyfinder assembly flanges 608 a plurality of fasteners/ such 
as bolts (not shown in the accompanying figures). The stabDizer blades 614 are preferably spaced equidistantly 

15 around the valve control pack body 616. The stabiTizer blades 614 are spaced from the valve control pack 220, 
allowing fluid to exit the vahre control pack 220 and flow out around the stabilizer blades 614. This fluid then flows 
back to the surface wKh the return fluid flow through the passage between the inner surface 246 of the borehole. 
132 and the outer surface of the tool 112. 

The valve control pack 220 also includes a valve control pack body 616. The vahre control pack body 616 

20 is preferably constructed of a high strength material More preferably, the vahre control pack body 616 is machined 
from a single cylinder of stainless steel although other shapes and materials of construction are possQile. Stainless 
steel prevents corrosion of the vahre control pack body 816 while increasing the life and reliabffity of the tool 112. 
As shown m Figure 11, the vahre control pack body 616 ranges in diameter from 1 to 10 inches, preferably 3.125 
inches. The valve control pack body 616 contains a number of machined bores 620. Theise bores 620 within the 

25 vahre control pack body 616 allow fhiid communication withm the valve control pack 220 and between the vahre 
control pack 220 and the forward and aft sections 200 and 202. 

Figures 14 and 15 provide cross-sectional views of the vahre control pack 220. The center bore 702 is 
located generally fai the middle of the vaWe control pack body 616. The center bore 702 ranges in diameter from 
0.4 to 2.0 inches, most preferably 0.60 inches. The center bore 702 connects to the central flow channel 206 by 

30 the stab pipes 602, described above, which allow fluid communication between the aft section 202 central flow 
channel 206 and the forward section 200 central flow channel 206. Four additional boreholes 704, 706, 710, and 
712 are located generally equidistantly from each other along a cross section of the valve control pack body 616. 
These four bores 704, 708, 710, and 712 are generally equally spaced from the center bore 702. These four bores 
704, 706, 710, and 712 are each the same size and range in diameter from 0.25 to 2.0 inches, preferably 1.0 

35 inches. As discussed in connection with Figure 16, vahres are inserted mto each of these four bores 704, 706, 710, 
and 712. While the orientation of the bores of the preferred endiodiment are descrflied, one skOled in the art would 
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know that various bore and valve conf^urations would produce similar fluid flow patterns within the puQer-thruster 
. downholetooMIZ 

Several other bores 620, for example, are also located within the vahre control pack body 616, allowing 
fluid commuhtcation between the four bores 704, 706, 710, and 712; between the four bores 704, 706, 710, and 
5 712 and the center bore 702; and between the four bores 704, 708, 710, and 712 and the exterior:of the vahre 
control pack body 616. . These bores 620 are best seen in Figures 11, 14, and 15. As seen m Figure 11, for 
example, these bores 620 may run generaBy parallel to the innermost cyEndrical pqie 204. Within the vahre control 
. pack 220, other bores (not shown in the accompanying f^ures) run at various angles relative to the innermost 
cyEndricai pipe 204. These bores are speciricaDy discussed in connection with Figure 17A. 

10 As best seen h Figures 14 and 15, four flapper vahres 714 are located on the exterior of the vahre control 

pack body 616 adjacent to the stabilizer blades 614. These flapper vahres 714 aHow fhiid to be expelled from the 
four bores 704, 706, 710, and 712 to the exterior of the vahre control pack 220 through the ports which intersect 
and run at angles relative to the four bores 704, 706, 710, and 712. These ports are discussed fai connection with 
Figures 16 and 17A below. The flapper valves 714 are preferably made of elastomeric material and are fastened . 

15 to the exterior of the vahre control pack body 616 by means of fasteners 716. This design allows fluid to escape 
the valve control pack 220 while preventing fluid pressure from building up and preventing clogging of the vahre 
control pack 220. Specifically, the flapper valves 714 flex away from the outer surface of the vahre control pack 
body 616 to allow fluid to exhaust from the tool 112, but the flapper valves 714 will not allow material to enter 
the tool 112. This design also minimizes the cross-sectional area of the vahre control pack 220. The cross-sectional 

20 area of the vahre control pack 220 desirably fills between 50 to 80 percent of the cross-sectional area of the 
borehole 132. More specif icaHy, the cross sectnnal area of the vahre control pack 220 most desirably fflls 
approximately 70 percent of the crbss-sectlonal area of the borehole 132. This allows fhiid carrying debris to return 
to the surface in the passage between the inner surface 246 of the borehole 132 and the exterior of the tool 112 
while minimizing pressure hiss up the passage to the surface. 

25 Figure 16 shows a physical representation of the vahres 304, 306, 310 and 312 contained withm the vahre 

control pack 220 and schematically shows the flows withfai the vahre control pack 220. The valves 304, 306, 310 
and 312 fit within bores 712, 706, 710 and 704, respecthrely. Fqure 17A shows cross sections of the vahre 
control pack body 616 mto which the vahres 302, 306, 310, and 312 are placed. The vahres 304, 306 310 and 
312 do not require alignment within the bores 712, 706, 710, and 704 of the vahre control pack body 616 because 

30 of the use of recessed lands (not shown) on sleeves 901. Other known methods for aligning the valves within the 
corresponding bores may also be utifized with the present invention. Each of the vahres 304, 306, 310 and 312 
can be actuated to control the fluid flow within the vahre control pack 220. As known in the art, valve actuation 
alters the flow pattern through a valve by one of several known methods. The vahres of the present invention are 
actuated by moving a valve body 903 relative to a fixed, nonmoving sleeve 901. As the valve body 903 moves, 

35 . different ports, indhriduaily labeled below, in the sleeve 901 and valve body 903 align to create a ftow pattern. 
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Ref erring to Figures 12 and 13, a majority of fluid m the central flow channel 206 enters the forward end 
of the center bore 702 of the vahre control pack 220 and flows through the vahre control pack 220. The fluid exits 
the vahre control pack 220 through the forward end of the center bore 702* flowing toward the driB bit 130. 

Part of the flow enters the tool 112 through the vahre control pack 220. Figures 16 ittustrates the fhiid 

5 flow paths through the vahre control pack 220. Fhnd m the center bore 702 of the vahre control pack 220 can enter 
the idler start/stop valve 304 through a series of f ilters 302, m a manner simQar to that described above and shown 
in Figure 17B. The .fluid leaves the five parallel fiters 302 and enters a flow channel 912 leading to the idler 
startistop vahre 304. Ftow channel 912 is one of the bores 620 described m connection with Figures 11, 14, and 
15. As fhiid exits the fhre fihers 302 and enters the flow channel 912, pressure builds up bi the ftow channel 912 

10 that connects the five parallel filters 302 and the idler start/stop vahre 304, as shown in Figure 16. The idler 
startfstop vahre 304 actuates when the differential pressure between the fhiid in the flow channel 912 and the fhiid 
in the idler start/stop vahre 304 exceeds the pressure set*point, for example, 500 psid. The forward end of the idler 
start/stop valve 304 contains a fluid piston assembly 914, white the aft end of the idler start/stop valve 304 
contains a Bellevue spring 916, preferably constructed of steel. The fluid piston assembly 914 in the forward end 

15 and the Believue spring 918 in the aft end of the idler start/stop valve 304 work in conjunction with each other to 
. activate the idler start/stop valve 304. The Bellevue spring 916 has a spnng constant such that a specific force 
is required from the fluid piston assembly 914 to compress the Bellevue spring 916. This spring force is what 
provides the pressure set-point of the idler start/stop vahre 304. Thus, when pressure builds up m the fluid channel 
912 connecting the fluid piston assembly 914 of the idler start/stop valve 304 and the five filters 302, fluid wiB 

20 begbi to flow into a fluid piston chamber 920 through port P101. It will be appreciated that the spring constant 
of the Bellevue spring 916 can be selected according to the intended use of the tool 112. Further, atternate types 
of springs may be used as known m the art. 

Figure 17A shows the ports, indhriduatty labeled, within the valve control pack body 616 that allow fhiid 
communication between the horizontal bores 620 and the vahres 304, 306. 310 and 312. As the fluid piston 

25 chamber 920 fills with flidd, a piston 922 is pushed toward the aft end of the vahre control pack 220 which pushes 
the valve body 903 toward the aft end of the vahre control pack 220 and compresses the Beltevue spring 916. As 
the fhiid piston chamber 920 continues to fill with fhjid, the Belevua spring 916 continues to compress. The vahre 
body 903 moves allowing flow from flow channels, such as 912, to pass through the sleeve 901 into a vahre 
chamber 905 between the valve body 903 and the sleeve 901. Fluid enters the vahre chamber 905 of the idler 

30 start/stop vahre 304 through a port PI 03. Thus, the idler start/stop valve 304 has both an active position in which 
the Bellevue spring 916 is sufficiently compressed and an inacthre position in which the Bellevue spring 916 is not 
sufficiently compressed. In the act'nre position, fluid flows into the idler start/stop valve 304 through port PI 03, 
whHe no fluid enters when the idler startistop vahre 304 is in the inacthre position. When the idler start/stop valve 
304 shifts from an active to mactive position, the Bellevue spring 916 moves from a compressed position to an 

35 uncompressed position forcing the piston 922 toward the forward end of the vahre control pack 220. 
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Figure 16 shows that in the active position llu^ flows through the five faters 302 into the idler start/stop 
vahe 304. The idler start/stop valve 304 has a niain fluid eiit channel 924. Fhiid enters the eiit channel 924 
through port P105 and flows from the idler start/stop vahre 304 to the aft reverser vahre 310, the sa-way valve 
306, and the forward reverser vahre 312. The idler start/stop vahre 304 abo contains four exit ports P107 which 
5 aDow fluid to escape from the idler startfstop vahre 304 to the exterior of the vahre control pack 220 through the 
flapper vahres 714. These exit ports P107 albw exhaust from within the vahre 304 and prevent clogging within 
the vahre 304. The fastener holes 980 used to attached the flapper vahres 714 to the vahre control pack body 616 
are shown m Figure 17A. 

As shown in Rgure 16, fluid flows through the idjer start/ stop vahre 304, out port PI 05, and into the aft 
10 reverser vahre 310 through port P109. The aft reverser vahre 310 has a fluid piston assembly 914 at the aft end 
of the valve control pack 220 and a BeDevue spring 916 at the forward end of the vahre control pack The piston 
022 of the aft reverser vahre 310 is actuated by flow to the power flow aiinulus 216F of the forward section 200 
of the puQer-thruster downhole toot 112. This fluid flows through a flow channel 926 and enters the fhitd piston 
chamber 920 through port P1T1. Flow channel 926 Is one of the bores 620 shown in Figures 11, 14, and 15. 
15 Thus, fluid flows from the forward section 200 power flow annulus 21 6F into a flow channel 926 which connects 
to the piston chamber 920 through a port P1 11. Pressure ni flow channel 926 causes fhiid to f ifl the fhjid piston 
chamber 920 of the aft reverser valve 310. As the fluid piston chamber 920 fOls, a piston 922 is pushed forward 
pushing the valve body 903 forward compressing the Believue spring 916. The vahre body 903 moves forward 
relative to the fned sleeve 901 allowing flow from fhiw channeb, such as 924, to. pass through the sleeve 901 into 
20 a vahre chamber 905 between the valve body 903 and the sleeve 901. Thus, the aft reverser valve 310 has both 
an active position in whmh the Believue spring 916 is sufficiently compressed and an inacthre position in which the 
Believue spring 916 is not sufficiently compressedJ bi the acthre position, fhiid flows into the aft reverser vahre 310 
from the idler startjstop vahre 304 through port P109, while no fhjld enters when the aft. reverser vahre 310 is in 
the inactive position. 

25 In the acthre position, fluid exits the aft reverser vahre 310 through port P1 13 into exit channel 930 leadmg 

to the six-way vahre 306. The aft reverser vahre 310 also contains four exit ports P107 which aHow fhiid to escape 
from the vahre control pack 220 to the exterior of the vahre control pack 220 through the flapper vahres 714. The 
exit ports PI 07 allow removal of fluids and reduces the tendency for plugging by contamination. When the aft 
reverser valve 310 shifts from an acthre to inacthre position, the Believue spring 916 moves from a compressed 
30 position to an uncompressed position, forcing the piston 922 toward the aft end of the vahre control pack 220. As 
the piston 922 moves toward the aft end of the valve control pack 220, the fluid in the fluid piston chamber 920 
drains out of the chamber 920 through port P141, into a drain channel 932, arid into the passage between the vahre 
control pack 220 and the inner surface 246 of the borehole 132 through an orifice 934. The orifice 934 controte 
the rate of fhiid exiting the fhiid piston chamber 920 through the drain channel 932. Advantageously, the system 
35 . is designed to continue to operate even if the drain channels should be partially or completely plugged. This 
increases the reiiablTity and durabifity of the tool 11Z 
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The six-way valve 306 contains fluid piston assemblies 914 at both the forward and aft ends which work 
in conjunction with each other to control the flow of fluid. As fluid from the aft reverser vahre 310 enters the fluid 
chamber 920 at the aft end of the six-way vahre 306 from channel 930 through port P115, the piston 922 pushes 
the vahre body 903 forward relative to the fhed sleeve 801. As the valve body 903 moves forward the fhiid 
5 chamber 920 at the aft end fib and fluid drains from the fhiid chamber 920 at the forward end out port P1 17 
through drain channel 936. This fluid flows through the drain channel 936, past the orifice 940, and into the 
passage between the vahre control pack 220 and the inner surface 246 of the borehole 132. Conversely, as fhiid 
from the forward reverser vahre 312 enters the fkiid chamber 920 at the forward end of the six-way valve 306 from 
. a channel 942 through port P1 19, the piston 922 pushes the vahre body 903 towards the aft end of vahre control 
10 pack 220 relathre to the fixed sleeve 901. As the valve body 903 moves toward the aft end, the fhiid chamber 920 
at the forward end fiBs, and fhiid drams from the fhiid chamber 920 at the aft end out port PI 21 through drain 
channel 944. This f hild flows through drain channel 944, past orifice 946, and into the passage between the vahre 
control pack 220 and the inner surface 246 of the borehole 132. 

In the various actuated positions, fluid from the idler start/stop vahre 304 ftows through exit channel 924 
15 and enters the six-way vahre 306 through ports PI 23 and PI 25. Fluid also enters and exits the six-way vahre 306, 
depending on the poshkin of the valve, from the forward section 200 power flow annulus 21 6F through flow channel 
926, the forward section 200 return flow annulus 21 2F through flow channel 952, the aft section 202 power flow . 
annuhjs 21 6A through flow channel 954, and the aft section 202 return flow annulus 21 2A through flow channel 
956 through ports P127, P129, P131, and P133, respectively. 
20 The six-way valve 306 conta'ms fnre exit ports P1P7 which allow fhiid to escape from the six-way vahre 

306 to the exterior of the valve control pack 220 through the flapper vahres 714. These exit ports PI 07 prevent 
pressure build-up within the vahre 306 and prevent clogging within the vahre 306. 

As shown in Figure 16, fhiid flows through the idler start/ stop vahre 304, out port PI 05, isnd into the 
forward reverser valve 312 through port P135. The forward reverser vahre 312 has a fluid piston assembly 914 
25 at the forward end of the vahre control pack 220 and a BeOevue sprmg 91 6 at the aft end of the vahre control pack. 
The piston 922 of the forward reverser vahre 312 is actuated by flow from the power flow annuhis 216A of the 
aft section 202 of the puller-thruster downhole tool 112. This fhnd flows through a flow channel 954 and enters 
the fluid piston chamber 920 through port P137. Pressure m flovy channel 954 causes fluid to fiO the fluid piston 
chamber 920 of the forward reverser vahre 312. As the fluid piston chamber i920 fills, a piston 922 is pushed 
30 toward the aft end of the valve body 903 and the Bellevue sprmg 916 is compressed. The valve body 903 moves 
towards the aft end relative to the fixed sleeve 901 allowing fluid flow from flow channels, such as 954, to pass 
through the sleeve 901 and into a vahre chamber 905 between the valve body 903 and the sleeve 901. Thus, the 
forward reverser valve 312 has both an active position in which the Bellevue spring 916 is sufficiently compressed 
and an inacthre position in which the Bellevue spring 916 is not sufficiently compressed. In the active position, fluid 
35 flows into the forward reverser valve 312 from the idler startistop vahre 304 through port PI 35, while no fluid 
enters when the forward reverser vahre 312 is in the mactive position. 
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In the active position, fluid exits the forward reverser vahre 312 through port PI 39 into exit channel 942 
leading to the six-way valve 306. The forwerd reverser valve 312 also contains four exit ports PI 07 wluch aOow 
fluid to escape from the vahre control pack 220 to the exterior of the vahre control pack 220 through the flapper 
vahres 714. When the forward reverser vahre 312 shifts from an acthre to macthre position, the BeDevue spring 916 

5 moves from a compressed position to an uncompressed position forcing the piston 922 toward the forward end of 
the vahre control pack 220. As the piston 922 moves toward the forward end of the vahre control pack 220, the 
fhiid in the fhiid piston chamber 920 drams out of the chamber 920 through port P143, mto a drain channel 960, 
and into the passage between the vehe control pack 220 and the inner surface 246 of the borehole 132 through 
an oriTtce 962. the orifice 962 helps maintani pressure within the fhiid piston chamber 920. 

10 The vahre control pack 220 thus controls fhiid distr&ution to the forward and aft sections 200 and 202 

of the pulter-thruster downhole tool 1 12. Figures 16 and 17A show a preferred embodiment Olustrating the actuation 
positions of the idler start/stop vahre 304, the six-way vahre 306, the aft reverser valve 310, and the forward 
reverser valve 312. One skilled in the art win recognize that various vahre actuations and types of fhiid 
communication may be utifized to achieve the flow patterns depicted in Figures 3 and 4. One skilled in the art will 

IS also appreciate that, while the preferred embodiment of the valve control pack is Olustrated, other flow distr&ution 
systems can be used in place of the vahre control pack 220. The preferred embodiment of the vahre control pack 
220 eases in-the-f ield maintenance. Reliability and durabity increase due to the construction and design of the vahre 
control pack 220. 

Figure 17B provides a cross-sectional view of the vahre control pack 220 with the vahres 304, 306, 310, 
20 and 312 removed. As shown, the horizontal bores 620 in the vahre control pack body 616, which run generally 
parallel to the innermost cylindrical pipe 204, are fai fluid communication with ports, for example P139. These 
horizontal bores 620 and angled ports, like P139, aflow fkiid transfer between the vahres 304, 306, 310, and 312 
and fhiid transfer to the rest of the puDer-thruster downhole tool 112 as described. 
Closed Svstem Embodiment 

25 Using driOmg mud as the operat'mg fluid for the system has several advantages. First, using drilling fluid 

prevents contamination of hydraufic fluid and the associated failures. While using hydraulic operatmg fluid may 
require supply lines end additional equipment to supply fluid to the tool 112, drOGng mud requires no supply lines. 
Drilling mud use increases the reliability of the tool 112 as fewer elements are necessary and fluid contamination 
is not an issue. Figures 18 and 19 show another preferred embodiment of the present invention in which the puller- 

30 thruster downhole tool 112 operates as a closed system. Figure 18 shows the pufler-thruster downhole tool 112 
located within a borehole 132. The system is similar to that shown m F'^ure 3, except that the fluid is not ambient 
fhiid. Preferably, the fluid in the closed system is hydraulic fluid. As in Figure 3, Figure 18 shows the forward 
section 200 in the thrust stroke and the aft section 200 in the reset stage. A fluid system 1800 provides the fhiid 
in this configuration. A fhiid storage tank 1801 serves as the source of fluid to the fhre paraDel filters 302. Fhiid 

35 . is pumped from the storage tank 1801 by a pump 1802 to the fhre parallel filters 302, from.which it is distributed 
throughout the tool 112 as m Figure 3. The pump 1802 is powered by a motor 1804. The fhiid system can be 
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located within the power-thruster downhoie tool 112 or at the surface. F^ure 19, sim8ar to F^ure 4, shows the 
closed system with the forward section 200 resetting and the aft section 202 in the thrust stroke. A vahre 1806, 
preferably a check vahre, is used to control the pressure of the fluid within the system. 

The closed system shown in Figures 18 and 19 allpws the tool 112 to be operated with a cleaner process 

5 fluid. This reduces wear and deterioration of the tool 112. This configuration also allows operation of the tool 112 
in environments where drillmg mud cannot be used as a process fhiid for various reasons. It wffl be appreciated that 
the fluid system 1800 can be located within the tool 112 such that the entire device fits within the borehole 13Z 
Alternatively, the fhiid system 1800 can be toceted at the surface and a line may be used to allow fluid 
communication between the tool 112 and the fhiid system 1800. 

10 Directionallv Controlled System Embodiment 

In another embodiment, the puller-thruster downhoie tool 112 can be equipped with a directional control 
valve 2002 to allow the tool 112 to move in the forward and reverse directions within the borehole 132 as shown 
in Figures 20-23. WhOe the standard toot 112 can simply be pulled out of the borehole 132 from the surface, 
directional control allows the tool 112 to be operated out of the borehole 132 using the same method of operation 

15 described above. The directional control vahre 2002 is preferably located within the valve control pack 220. One 
. skilled in the art will recognize that the position of the valve 2002 within the vahre control pack 220 can vary so 
long as the fluid flow paths shown in Figures 20-23 are maintained. Other than the insertion of the directional 
control vahre 2002, the operation and structure of the tool 112 is generally the same as that described in Figure 
3. In operation, the directional control vahre 2002 has an actuated positran and an unactuated position. The 

20 directional control vahre 2002 has a pressure set-point, for example, 750 psid. When the differential pressure 
between the fluid passing through the five parallel filters 302 and the fluid in the dkectional control valve 2002 
exceeds the pressure set-point, the directional control vahre 2002 is actuated. Also shown are the bladder sensing 
V8hres2004. 

Figure 20 shows the directional control vahfe 2002 in an unactuated position. Fluid flows from the forward 
25 section 200 power flow annulus 21 BF to the aft reverser vahre 310 through the directional control vahre 2002. Fkiid 
also flows from the aft section 202 power flow annuhis 216A to the forward reverser valve 312 through the 
directional control vahre 2002. When the directional control valve is actuated in this position, the operation and 
motion of the toot 112 within the borehole 132, as shown in Figures 20 and 21, is the same generally as that 
described in Figures 3 and 4. This causes the tool 112 to be propeDed in one direction within the borehole 132. 
30 It wOl be recognized that the directional control valve 2002 allows movement of the tool 112 m two opposite, 
directions, allowing the tool to move in forward and reverse directions within the borehole 132. 

When the differential pressure exceeds the pressure set-point, the directional control valve 2002 actuates 
to the position shown m Figures 22 and 23. In this position fluid flows from the forward section 200 power fkiw 
annulus 216F to the forward reverser vahre 312 through the directional control vahre 2001 Fhiid also flows from 
35 the aft section 202 power fbw annulus 21 6A to the aft reverser vahre 310 through the directional control valve 
2002. The directional control vahre 2002 reverses the destination of these flows from the dest'matipns shown bi 
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Figures 3 and 4. This causes the forward reverser vahre 312 to be actuated before the aft reverser vahre 310, 
causing the tool 112 to move toward the other end of the borehole 132 and opposite the direction of movement 
shown in Figures 20 and 21 when the directional control vahre 2002 was in the unactuated position. This directional 
control valve 2002 allows the tool 112 to be removed from the borehole 132 without any additional equipment. 

5 The tool 1 1 2 is self -retrieving when equipped with the directional control vahre 2002. This also allows tlie tool 1 1 2 
to move equipment and other tools away from the distal end of the borehole 132. 

For reversing services, where motion of the tool b desired to be toward the surface and away from the 
bottom of the borehole 132, the.directional control vahre 2002 and the bladder sensing valves 2004 are acthrated. 
This reverses the actbn of the pistons 224 and 234 and causes the gripper mechanisms 222, 207 to be acthrated 

10 in the proper sequence to permit the three cyGndrical pipes 201 to move toward the surface; the reverse of the 
normal direction towards the bottom of the borehole 13Z 



Electricaflv Controlled Embodiment 

While the standard tool 112 b pressure controlled and activated, it may be desirabte to equip the tool 112 

15 with electrical control lines. The standard tool 112 b pressure activated and has a lower cost than a tool 112 with 
etectrical control The standard tool has greater reUabifity and durability because it has fewer elements and no wires 
which can be cut as does the electrically controDed tool 111 To be compatible with exbting systems or future 
system, electrical control may be required. As such, Figure 24 shows the puller-thruster downhole tool 1 12 equipped 
with electrical control fines 2402. The electrical control lines 2402 are connected to the idler start/stop vahre 304 

20 and the directional control vahre 2002. In thb embodnnent the idler start/stop vahre 304 and the directional control 
vahre 2002 are solenoid operated rather than pressure operated as in the previously dbcussed embodiments, it b 
known in the art that electrical controb can be used to actuate vahres and these types of equipment can abo be 
used with the tool 112 of the present invention. The electrical fines typically connect to a control box, not shown, 
located at the surface. Alternatively, a remote system could be used to trigger a control box located within the 

25 puller-thruster downhole tool 112. Energization of the idler start/stop vahre 304 would open the valve 304 and the 
tool 112 would niove as dbcussed in relation to Figures 2A-2E. Similarly, the tool 112 could be instructed to move 
in the reverse direction toward the surface by energization of the directional control valve 2002. The d'ractional 
control vahre 2002 would produce the same motion dbcussed in relation to Figures 20*23. 

The etectrical lines 2402 would preferably be shielded within a protective coating or conduit to protect the 

30 electrical fines 2402 from the drilling fluid. The electrical fines 2402 may also be constructed of or sealed with a 
waterproof material, and other known materials. The electrical fines 2402 would preferably run from the control 
box at the surface to the idler start/stop vahre 304 and the directional control vahre 2002 through the central flow 
channel 206 and the center bore 702 of the valve control pack 220. One skiQed in the art will recognize that these 
electrical fines 2402 may be located at various other places within the tool 112 as desbed. These electrical fines 

35 2402 then carry electrical signab from the control box at the surface to the idler start/stop vahre 304 end the 
directional control vahre 2002 where they trigger the solenoid to open or close the vahre. 
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Atternativety, the electrical Enes 2402 could lead to a mud pulse telepathy system rigged for down Gnking. 
Mud pulse telepathy systems are known in the art and are commercially available. In down linking, a pressure pulse 
is sent from the surface through the drSfing mud to a downhole transcehrer that converts the mud pressure pulse 
into electrical instructions. Electrical power for the transcehrer can be supplied by batteries or an E-tne. These 
S electrical mstructions actuate the idler start/stop vahre 304 or the directional control vabe 2002 depending on the 
desired operation. This system aOows direct control of the tool 1 12 from the surface. This system could be utilized 
with a bottom hole assembly 120 that inchides a Measurement While DrilGng device 124 with down finking capabifity. 
as known in the art. 

Electrical controls can also be used with bottom hole assembfies 120 that contam E-6ne (electrical fine) 
10 controlled Measurement While DrilBng devices 124. These electrical controls aOow the tool 112 to be conveniently 
operated from the surface. Additional E-Gnes could.be added to the E-fine bundle to permit additional electrical 
connections without affecting the operation of the tool 112. 

The tool 1 12 can also be equipped with electrical connections on the forward and aft ends of the tool 112 
that communicate with each other. These electrical connections would alibw equipment to operate off power 
15 supplied to the tool 112 from the surface or by mtemal battery. These connections could be used to power many 
elements known in the art, and to allow electrical communication between the forward and aft ends, 200 and 202, 
of the tool 112. 

While the preferred embodiments of the puller-thruster downhole tool 112 are described, the tool 112 can 
be constructed on various size scales as necessary. The embodiment described is effecthre for drilling inclined and 
20 horizontal holes, especially ofl wells. 

Although this invention has been described in terms of certain preferred embodiments, other embodiments 
apparent to those of ordinary skHl in the art are also within the scope of this invention. Accordingly, the descriptions 
above are intended merely to illustrate, rather than Gmit the scope of the invention. 
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Part No. 


DescriptiDn 


100 


coiled tubing drSGng system 


102 


power supply 


104 


tubing reel 


106 


tubing guide 


110 


tubbig injector 


112 


ouBer-thruster downhole tool 


114 


coBed tuhmn 


116 


connBCtnr 


119 


workino unit 


120 


bottom hole assenihlv 

— ■■ 


122 


downhote motor 


124 


Meaisurement While DrQlino (MWD) svstem 


126 


connector 


130 


drill bit 


132 


borehole 


134 


connection fine 






200 


forward section 


201. 


concentric cylindrical pipes 


202 


aft section 


203 


center section 


204 


innermost cyGndrical pipe 


205 


opening 


206 


centra! flow channel 
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ParlNa 


Description 


207 


aft Qrqiper mechanism 


210 


second cyfindrical pipe 


212 


first annulus (return flow annuhis) 


212A 


first aft annulus 


212F 


first forward annulus 


214 


outer cylindrical pipe 


. 216 


second annulus (power flow annuhis) 


216A 


second aft annulus 


216F. 


second forward annulus 


220 


valve control pack 


222 


forward gripper mectianism 


224 


forward pistons 


226 


forward barrel assemblies 


230 


forward reset chambers 


232 


forward power chambers 


234 


aft pistons 


236 


aft barrel assemblies 


240 


aft reset chamber 


242 


aft power chambers 


246 


inner surface 


250 


forward expandable bladder 


252 


aft expandable bladder 






302 


five filters 


304 


idler startfstpp vahre | 
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Part No. 


DBscrtption 


306 


six-way vahre 


310 


aft reverser vahre 


312 


forward reverser vahre . 


• 




. 501 


threads 


502 


connector 


503 


threads 


504 


coaxial cyfinder end plug 


505 


port Imer 


507 


spacer plate 


510 


connector 


512 


coaxial cylinder end plug 


514 


seals 


516 


forward piston skin 


520 


forward fluid chamber 


522 


forward barrel ends 


524 


connectors 


526 


seals 


530 


forward piston assembly 


532 


connectors 


534 


seals 


536 


forward section (of the forward fhiid chamber 520) 


540 


aft section (of the forward fhiid chamber 520) 


542 


packerfoot attachment barrel end 


544 


connector 
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Part No. 


Description 


546 


seals 


550 


packerf oot assembly 


552 


elastomeric body 


554 


bSnd caps 


556 


inner mandrel 


560 


set screws 


562 


shear pins 


564 


pads 


566 . 


connector 


570 


aft piston skin 


572 


aft fluid chamber 


574 


aft barrel ends 


576 


aft piston assembly 


580 


forward section (of the aft fluid chamber 572) 


. 582 


aft section (of the aft fluid chamber 572) 


m 


fhiid channels . 






. 601 


stress relief groove 


602 


stab pipes 


603 


seal 


604 


seals 


605 


threads 


606 


coaxial cylinder assembly flanges 


607 


seals 


610 . 


connectors 
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IS 



Part No. 


Description 


612 


ssals 


614 


stabilizer blades 


616 


vahre control pack body. 


620 


bores 






702 


center bore 


704 


borehole 


706 


borehole 


710 


borehole 


712 


borehole 


714 


flapper valves 


716 


fasteners 






801 


threads 






901 


sleeves 


903 


valve body 


905 


valve chamber 


612 


flow channel 


914 


fluid piston assembly 


916 


BeOevue spring 


920 


fluid piston chamber 


922 


piston 


924 


channel 


926 


flow channel 
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PartNa 


Description 


930 


channel 


932 


draiii channel 


934 


orifice 


936 


drain channel 


940 


orifice 


942 


channel 


944 


drain channel 


946 


orifice 


952 


flow channel 


954 


flow channel 


956 


flow channel 


960 


drain channel 


962 


orifice 


980 


fastener holes 






.1001 


channel 






1800 


fluid system 


1801 


fluid storage tank 


1802 

• 


pump 


1804 


motor 


1806 


valve 


2002 


directional control valve 


2004 


bladder sensing vahres 
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Part No. 


Description 


2402 


electrical control lims 1 
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P101 


port 


P103 


port 


P105 


port 


P107 


exit ports 


P109 


port 


P111 


port 


P113 


port 


P115 


port 


P117 


port 


P119 


port 


P121 


port. 


P123 


port 


P125 


port 


P127 


port 


P129 


port 


P13i 


port 


P133 


port . 


P135 


port 


P137 


port 


P139 


port 


P141 


port 


P143 


port 
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WHAT IS CLAIMED IS : 

1. A self-propelled tool for moving within a passage comprising: 
a body; 

a gripper secured to said body including at least a gripper portion, said gripper portion having a 
5 first position in which said gripper portion Emits movement of said gripper portion relatWe to an inner 

surface of said passage and a second position in which said gripper portion permits substantially free 
relative movement between said gripper portion and said inner surface; and 

a propulsion assembly for selectwely continuously moving said body with respect to said gripper 
portion of said gripper in said first position. 
10 2. The tool of Claim 1, wherein said propulsion assembly comprises at least a first piston having a 

head reciprocally mounted within a first barrel so as to define a first chamber on a first side of said head and a 
second chamber on a second side of said head. 

3. The tool of Claim 1, wherein said gripper includes a first gripper portion and a second gripper 
portion, each of said first and said second gripper portions having a first position in which said gripper portion 

15 engages an inner surface of said passage to limit movement of said gripper portion relative to said inner surface of 
said passage and a second position in which said gripper portion permits substantially free relative movement 
between said gripper portion and said inrier surface; and wherein said propulsion assembly includes a first propulsion 
assembly portion for selectively moving said body with respect to at least said first gripper portion of said gripper; 
and a second propulsion assembly portion for selectively moving said body with respect to at least said second 

20 gripper portion of said gripper. 

4. The tool of Claim 3« wherein said first propulsion assembly portion and said second propulsion 
assembly portion are arranged in series. 

5. The tool of Claim 1« wherein said gripper portion of said gripper comprises a first engagement 

bladder. 

25 6. The tool of Claim 1, further comprising a bottom hole assembly secured to said body of said tool 

7. The tool of Claim 6, wherein said bottom hole assembly further comprises a driO bit. 

8. The tool of Claim 1, vyherein said passage defines an insertion location and said tool further 
comprises a directional control, said directional control allowing said tool to selectnrely move toward and away from 
said insertion location within said passage. 

30 19. The tool of Claim 1, wherein said propulsion assembly controls the speed of said tool 

10. The tool of Claim 1, further comprising completion equipment secured to said body of said tooL 

11. The tool of Claim 1, further comprising sensor equipment secured to said body of said tool 

12. The tool of Claim 1, further comprising logging sensor equipment secured to said body of said tool. 

13. The tool of Claim 1, further cornprising a retrieval assembly secured to said body of said tool. 
35 14. The tool of Claim 1, further comprising pipeline servicing equipment secured to said body of said 

tool 
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15. The tool of Claim 1. further comprising commtnucations line equipment secured to said body of 

said tool 

1 6. The tool of Claim 1, wherein said body b one of a plurality of bodies* said bodies lining connected 

in series. 

5 • 17. A self-propelled tool for moving within a passage comprismg: 

a body; 

a grqiper secured to said body including a first gripper portion and a scfbond gripper portion, each 
of said first and said second gripper portions having a. fffst position in which said gripper portion engages 
an inner surface of said passage to Gmit movement of said gripper portion relathfe to said inner surface of 
10 said passage and a second position in which said gripper portion permits substantially free relathre 

movement between said gripper portion and said inner surface; and 

a propulsion assembly comprising: 

a first propulsion assembly portion for selectively moving said body with respect to at least said 
first gripper portion of said gripper; and 
15 a second propulsion assembly portion for selectively moving said body with respect to at least said 

second gripper portion of said gripper. 

18. The tool of Claim 17, further comprising a control for alternatively actuating said first propulsion 
assembly portion and said second propulsion assembly portion so that sahl tool is continuously movable with respect 
to said inner.surface of said passage. 
20 19. The tool of Claim 1 8, wherein said first and second propulsion assembly portions are actuated with 

fluid. 

20. The tool of Claan 19, further comprising a valve control pack that distributes fluid throughout the 

tool. 

21. The tool of Claim 18, wherein said fvst propulsion assembly portion and said second propulsion 
25 . assembly portion are arranged in series. 

22. The tool of Claim 17, wherein each of said first propulsion assembly portion and said second 
. . propulsion assembly portion comprises a piston having a head reciprocally mounted within a first barrel so as to 

define a first chamber on a first side of said head and a second chamber on a second side of said head. 

23. The tool of Claim 22, wherein said propulsion assembly comprises an open system. 

30 24. The tool of Claim 23, wherein said body is generally cylindrical and said body, said piston of said 

first propulsion assembly portion and said piston of said second propulsion assembly portion are coaxialiy positioned. 

25. The tool of Claim 22, wherein said propulsion assembly comprises a closed system, 

26. The tool of Claim 25, wherein said body is generally cylindrical and said body, said piston of said 
first propulsion assembly portion and said piston of said second propulsion assembly portion are coaxialiy positioned. 

35 27. The tool of Claon 22, wherein said head of said first piston and said head of said second piston 

move in opposite directions, such that one of said pistons is reset while one of said pistons powers said tool. 
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28. The tool of Clann 27, wherein one said piston is reset before said other piston completes a power 

stroke. 

29, The tool of Claim 17, wherein said frst propulsion assembly and second propulsion assennbly 
conuol the speed of the tool 

5 30. The tool of Claim 1 7, further comprising a bottom hole assembly secured to said body of said tool 

31. . The tool of Claim 30, wherein said bottom hole assembly further comprises a drifl bit. 

32. The tool of Claim 17, wherein said passage defines an insertion location and said tool further 
comprises a directional control, said directional control allowing said tool to selecthrely move toward and away from 
said msertion location within said passage. 

10 33. The tool of Claim 17, further compris'mg completion equipment secured to said body of said tool 

34. The tool of Claim 17, further comprising sensor equipment secured to said body of said tool. 

35. The tool of Claim 17, further comprising logging serisor equipment secured to said body of said 

tool 

36. The tool of Claim 17, further comprising a retrieval assembly secured to said body of said tool. 
15 37. The tool of Claim 17, further comprising pipeline servicing equipment secured to said body of said 

tool. 

38. The tool of Claim 17, further comprising communications line equipment secured to said body of 

said tool. 

39. The topi of Claim 17, wherein said body is one of a plurality of bodies, said bodies connected In 

20 series. 

40. A self-propelled tool for moving within a passage, comprising: 
a body; 

a first engagement bladder secured to said body having a first position in which said first 
engagement bladder engages an inner surface of said passage and limits movement of said first engagement 
25 bladder relat'nre to said inner surface of said passage and a second position in which said first engagement 

bladder permits substantijaOy free relative movement between said first engagement bladder and said inner 
surface; and 

a propulsion assembly for selectively moving said body with respect to said first engagement 
bladder when said first engagement bladder is in said first position. 
30 41. The tool of Claim 40, wherein said propulsion assembly comprises at least a first piston having 

a head reciprocally mounted within a first barrel so at to define a first chamber on one side of said head and a 
second chamber on the other side of said head. 

42.. The tool of Claim 41, wherein said propulsion assembly comprises an open system. 
43. The tool of Claim 41, wherein said propulsion assembly comprises a closed system. 
35 44. The tool of Claim 41, further comprising a generally central flow channel 
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45. The tool of Claim 44, wherein fhiid in said central flow channel is selectively forced into one of 
said f irst chamber and said second chamber. 

46. The tool of Claim 40, wherein said propulsion assembly controls the speed of said tool 

47. The tool of Claim 40/ wherein said propulsion assembly further comprises a pump for selectively 
5 forcing fluid into one of said fkst chamber and said second chamber. 

48. The tool of Claim 40, further comprising a second engagement bladder secured to said body, said 
second engagement bladder having a first position m which said second engagement bladdfr engages an inner surface 
of said passage and limits movement of said second engagement bladder relathre to said inner surface of said 
passage and a second position in which said second engagement bladder permits substantiafly free relative movement 

10 between said second engagement bladder and said inner surface, and wherein said propulsion assembly comprises: 
a first propulsion assembly portion for selecthrely moving said body, with respect to at least said 
first engagement bladder: and 

a second propulsion assembly portion for selectively moving said body with respect to at least said 
second engagement bladder. 

15 49. The tool of Claim 48, wherein said first propulsion assembly and said second propulsion assembly 

control the speed of said tool. 

50. The tool of Claim 48, further comprising a control mechanism for alternatively actuating said first 

propulsion assembly portion and said second propulsion assembly portion so that said tool is continuously movable 

with respect to said inner surface of said passage. 
20 51. The tool of Claim 50. wherein said first propulsion assembly portion and said second propulsion 

assembly portion are arranged in series. 

52. The tool of Claim 40, compris'uig a plurality of engagement bladders. 

53. The tool of Claim 40, further comprising a bottom hole assembly secured to said body of said tool 

54. The tool of Claim 53, wherein said bottom hole assembly further comprises a drifl bit. 

25 55. The tool of Claim 40, wherein said passage defines an insertion location and said tool further 

comprises a directional control said directional control allowing said tool to selecthrely move toward and away from 
said insertion location within said passage. 

56. The tool of Claim 40, further comprising completion equipment secured to said body of said tool 

57. The tool of Claim 40, further comprising sensor equipment secured to said body of said tool. 
30 58. The tool of Claim 40, further comprising logging sensor equipment secured to said body of said 

tool. 

59. The tool of Claim 40, further comprising a retrieval assembly secured to said body. of said tool. 

60. The tool of Claim 40, further CGiTi;:r:uing pipeline servicing equipment secured to said body of said 

tool. 

35 . 61. The tool of Claim. 40, further comprising communications line equipment secured to said body of 

said tool. 
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62. The tool of Claim 40, wherein said body is one of a plurality of bodies, said bodies connected in 

series. 

63. A self-propelled tool for moving within a passage comprising: 
a generally cylindrical body; 

5 a gripper secured to said body including a plurality of gripper portions, each of said plurality of 

gripper portions having a. first position in which said gripper portion engages an inner surface of said 
passage and fimhs movement of said gripper portion relathre to said inner surAce and a second position 
in which said gripper portion permits substantially free relatwe movement between said gripper portion and 
said inner surface; and 

10 a propulsion assembly for selectively moving said body with respect to at least one grjpper portion 

of said gripper in said first position, said propulsion assembly comprising: 

at least a first piston having a head reciprocally mounted within a first barrel so as to 
define a first chamber on a first side of said head and a second chamber on a second sidie of said 
head; and 

IS a fluid system for selectively forcing fluid into said first chamber and said second 

chamber, wherein said propulsion assembly defines an open system. 

64. The tool of Claim 63, wherein said fhjid system cornprises a valve control pack for distributing 
fluid throughout the tool 

65. The tool of Claim 63, further comprising a bottom hole assembly secured to said body of said tool 
20 66. The tool of Claim 65, wherein said bottom hole assembly further comprises a drill bit. 

67. The tool of Claim 63, wherein said propulsion assembly controb the speed of the tool. 

68. The tool of Claim 63, wherein said passage defines an insertion location and said tool further 
comprises a directional control, said directional control allowtng said tool to selectwely move toward and away from 
said insertion location within said passage. 

25 69. The tool of Claim 63, further comprising completion equipment secured to said body of said tool 

70. The tool of Claim 63, further comprising sensor equipment secured to said body of said tool. 

71. Thie tool of Claim 63, further compris'mg logging sensor equipment secured to said body of said 

tool. 

72. The tool of Claim 63, further comprising a retrieval assembly secured to said body of said tool 
30 73. The tool of Claim 63, further comprising pipeline servicing equipment secured to said body of said 

tool 

74. The tool of Claim 63, further comprising communications line equipment secured to said body of 
said tool . 

75. The tool of Claim 63, wherein said body is one of a plurality of bodies, said bodies being 
35 connected m series. 

76. A method of propelling a tool having a body within a passage, comprising: 
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causing a first gripper portion of a gripper to assume a first position in wfiich said first gripper 
portion engages an inner surface of said passage and limits movement of said first gripper portion relative 
to said inner surface; 

causing said first gripper portion to assume a second position in which said first gripper portion 
5 permits substantially free relative movement between said first gripper portion and said inner surface; 

causmg a second gripper portion to assume a first position in which said second gripper portion 
engages said mner surface of said passage and limits movement of said seconff gripper portion relathre to 
said inner surface; 

causing said second gripper portion to assume a second position in which said second gripper 
10 portion permits substantially free relathre movement between said second gripper portion and said inner 

surface; and 

selectwely continuously moving said body with respect to at least one gripper portion of said 
gripper in said first position. 

77. The method of Claim 76, further comprising the steps of alternately moving said body with respect 
15 to said first gripper portion when said first gripper portion is in said first position and moving said body with respect 

to said second gripper portion when said second gripper portion is in said first position so that said tool is 
continuously moveable with respect to said inner surface of said passage. 

78. The method of Claim 76« further comprising the step of forcing fluid into said passage to 
selectively move said body with respect to said first gripper portion in said first position and said second gripper 

20 portion in said first position. 

79. The method of Claim 78, wherein said fhiid is ambient fluid. 

80. The method of Claim 79, wherein said f hiid is drilfing mud. 

81. The method of Claim 78, wherein said fhiid is hydraulic fluid. 

82. The method of Claim 78, wherein said first gripper portion comprises a first engagement bladder 
25 . and said second gripper portion comprises a second engagement bladder. 

83. The method of Claim 82, wherein said first engagement bladder is selectively fiDed with fluid to 
engage said inner surface of said passage. 

84. The method of Claim 83, wherein said fluid is ambient fluid. 

85. The method of Claim 84, wherein said fluid is drilling mud. 
30 ■ 86. The method of Claim 83, wherein said fluid is hydraulic fluid. 

87. The method of Claim 76, further comprising the step of providing a propulsion assembly to propel 
said tool, said propulsion assembly comprising at least a first piston having a head reciprocally mounted within a first 
barrel so as to define a first chamber on a first side of said head and a second chamber on a second side of said 
head, further comprising reciprocating said head of said first piston with'm said first barrel . 
35 88. The method of Claim 87, further comprising the step of forcing a fhiid vvithin said first cavity of 

said first barrel to move said head within said first barrel. 
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89. The method of Claim 88, further comprising the step of alternately forcing a fluid into, said first 
chamber and said second chamber to cause said head to reciprocate within said first barrel 

90. The method of Claim 76, further comprising the step of causing a driO bit secured to said body 
to continuously penetrate a formation as said tool continuously moves. 

5 91. The method of Claim 76, further comprising the step of moving well completion equipment whhin 

a passage. 

92. The method of Clasn 76, further comprising the step of moving sensor equipment within a passage. 

93. The method of Claim 76, further comprising the step of movmg logging sensor equipment within 
a passage. 

10 94. The method of Claim 76, further comprising the step of moving a retrieval assembly within a 

passage. 

95. The method of Claim 76, further comprising the step of movmg pipeline service equipment with'm 
a passage. 

96. The method of Claim 76, further comprising the step of moving communications Ijne equipment 
15 within a passage. 

97. The method of Claim 76, wherein said body is one of a phirafity of bodies, said bodies being 
connected in series. 

98. A method of propelling a tool having a generally cylindrical body and a gripper including a plurality 
of gripper portions within a passage, comprising: 

20 causing a first gripper portion to assume a first position in which said first gripper portion engages 

an inner surface of said passage and fimits movement of said first gripper portion relat'nre to said inner 

surface- 
moving said body with respect to said first gripper portion when said first gripper portion is in 
said first position; 

25 causing said first gripper portion to assume a second position in which said first gripper portion 

permits substantially free relathre movement between said first gripper portion and said inner surface; 

causing a second gripper portion to assume a first position in which said second gripper portion 
engages an inner surface of said passage and limits movement of said second gripper portion relative to 
said inner surface; 

30 moving said body with respect to said second gripper portion when said second gripper portion 

is in said first position; 

causing said second gripper portion to assume a second position in which said second gripper 
. portion permits substantially free relative movement between said second gripper portion and said inner 
surface; and 

35 selectively continuously movmg said body with respect to at least one gripper portion of said 

gripper in said first position. 
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99. The method of Claim 98, further comprising the. step of forcmg fluid into said passage to 
selectively move said body with respect to said first griper portion in said first position and said second gripper 
portion in said first position. 

100. The method of Claim 99, wherein said fluid is ambient fluid. 
5 101. The method of Claim 100, wherein said fluid is drilling mud. 

102. The method of Claim 99, wherein said fluid is hydraulic fluid. 

103. The method of Claim 98, further comprising the steps of alternately moving said body with respect 
. to said first gripper portion when said first gripper portion is in said first position and moving said body with respect 

to said second gripper portion when said second griper portion is in said first position so that said tool is 
10 continuously movable with respect to said mner surface of said passage. 

104. The method of Claim 98, further comprising the step of providing a propulsion assembly to propel 
said tool, said propulsion assembly comprising at least a First piston having a head reciprocally mounted within a fffst 
barrel so as to define a first chamber on a first side of said head and a second chamber on a second side of said 
head, further comprising reciprocating said head of said first piston within said first barrel. 

15 105. The method of Claim 104, further comprising the step of forcing a fluid into said first chamber 

and said second chamber to reciprocate said head within said barrel 

106. The method of Claim 105, wherein said forcing fluid step comprises forcing ambient fluid within 
said passage into one of said first chamber and said second chamber to reciprocate said head within said barrel 

107. The method of Claim 106, wherein said forcing fluid step comprises forcing drilRng mud within 
20 said passage irito said first chamber and said second chamber to reciprocate said head within said barrel 

108. The method of Claim 104, further comprising at least a second piston having a head reciprocaiiy 
mounted within a first barrel so as to define a first chamber on a first side of said head and a second chamber on 
a second side of said head, further comprising reciprocatmg said head of said first piston within said first barrel and 
said head of said second piston within said second barrel such that said first head and said second head move in 

25 opposite directions. 

109. The method of Claim 108, wherein said head of said first piston and said head of said second 
piston reciprocate such that said first piston and said second piston alternately complete a stroke first. 

1 10. The method of Claim 98, further comprising the step of moving weD completion equipment virithin 
a passage. 

30 111. The method of Claim 98, further comprising the step of moving sensor equipment within a passage. 

112. The method of Claim 98, further comprising the step of moving logg'mg sensor equipment within 
a passage. 

113. The method of Claim 98, further comprising the step of moving a . retrieval assembly within a 

passage. 

35 . . 1 14. The method of Claim 98, further comprising the step of moving pipeline service equipment within 
a passage. 
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115. The method of Claim 98« further comprising the step of moving communications fine equipment 
within a passage. 

116. The method of Claim 98, wherein said body is one of a plurality of bodies, said bodies being 
connected in series. 

5 117. A method of propelling a tool having a generally cylindrical body within a passage, secured to the 

body is a gripper jnchiding a first engagement bladder and a second engagement bladder, comprising: 

inflating said first engagement bladder to cause said first engagement bladder to assume a first 
position in which said first engagement bladder engages an inner surface of said passage and Gmits 
movement of said first engagement bladder relatwe to said inner surface; 
10 deflating said first engagement bladder so that said first engagement bladder assumes a second 

position in which said first engagement bladder permits substantially free relatwe movement between said 
first engagement bladder and said inner surface; and 

selecthrely continuously moving said body with respect to at least one engagement bladder of said 
gripper in said first position. 

15 1 18. The method of Claim 1 17, wherein said tool further comprises a second engagement bladder, said 

method further comprising: 

inflating said second engagement bladder to cause said second engagement bladder to assume a 
first position in which said second engagement bladder engages an inner surface of said passage and Rmits 
movement of said second engagement relative to said inner surface; and 
20 deflating said second engagement bladder so that said second engagement bladder assumes a 

second position in which said second engagement bladder permits substantially free relathre movement 
between said second engagement bladder and said mner surface. 

119. The method of Claim 118, further comprising alternately moving said body with respect to said 
first and said second engagement bladders of said gripper in said first position. 
25 120. The method of Claim 117, wherein said first engagement bladder is inflated by filling said 

engagement bladder with fluid. 

121. The method of Claim 120, wherein said fluid is ambient fluid. 

122. The method of Claim 121, wherein said fluid is drilling mud. 

123. Themethodof Claim 120, wherein said fluid is hydraulic fluid. 

30 1 24. The method of Claim 1 1 7, further comprising the step of providing a propulsion assembly to. propel 

said tool said propulsion assembly comprising at least a first piston having a head reciprocally mounted within a first 
barrel so as to define a first chamber on a first side of said head and a second chamber on a second side of said 
head, further comprising reciprocating said head of said first piston within said first barrel. 

1 25. The method of Claim 1 24, wherein one of said first and second chambers is m fluid communication 

35 with said engagement bladder. 
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126. The method of Claim 124, further comprising the step of forcing a fluid within said first chamber 
of said first barrel to move said head within said first barrel 

127. The method of Claim 124, further comprising the step of alternately forcing a fluid into said first 
chamber and said second chamber of said first barrel to cause said head to reciprocate within said barrel 

5 128. The method of Claon 125, wherein said forcing fhiid step comprbes forcing ambient fluid within 

said passage into said first chamber and safai second chamber to reciprocate said head within said barrel 

129. The method of Claim 125. wherein said forcing fluid step comprises forcing drOfing mud within 
. said passage into said first chamber and second chamber to reciprocate said head within said barrel* 

130. The method of Claim 117, further comprising the step of securing said tool to a bottom hole 
10 assembly. 

131. The method of Claim 130, further comprising positioning said tool within said passage usmg 
information from a measurement while drilling device located in said bottom hole assembly. 

132. The method of Claim 130, further comprismg causing a drill bit located in said bottom hole 
assembly to continuously contact and penetrate an inner surface of said passage. 

15 1 33. The method of Claim 1 1 7, further comprising the step of moving well completion equipment within 

le. 

134. The method of Claim 117, further comprising the step of moving sensor equipment within a 

135. The method of Claim 117, further comprising the step of moving logging sensor equipment within 
20 a passage. 

136. The method of Claim 117, further comprising the step of moving a retrieval, assembly within a 



137. The method of Claim 117, further comprising the step of moving pipeline service equipment within 
a passage. 

25 138. The method of Claim 117, further comprising the step of movmg communications Gne equipment 

within a passage. 

139. The method of Claim 117, wherein said body is one of a plurality of bodies, said bodies being 
connected in series. 

140. A method of propelling a tool having a generaOy cylindrical body within a passage, secured to said 
30 body is a gripper including a gripper portion, comprbing: 

causing said gripper portion to assume a first position in which said gripper portion engages an 
inner surface of said passage and limits moveinent of said gripper portion relative to said inner surface; 

causing said gripper portion to assume a second position in which, said gripper portion permits 
substantially free relative movement. between said gripper portion and said inner surface; and. 
35 forcing ambient fluid into said passage to selectively continuously move said body with respect 

to said gripper portion of said gripper in said first position. 
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141. The method of Claim 140, further comprising a first gripper portion and a second gripper portion. 

142. The method of Claim 141, wherein said first gripper portion comprises a first engagement bladder 
and said second gripper portion comprises a second engagement bladder. 

143. The method of Clakn 142, wherein said first engagement bladder is filled with ambient fluid to 
5 engage said inner surface of said passage. 

144. The method of Claim 140, further comprising the step of moving a bottom hole assembly within 
a passage. 

145. The method of Claim 140, further comprising the step of moving well completion equipment withm 
a passage. 

10 146. The method of Claim 140, further comprising the step of moving sensor equipment withm a 

passage. 

147. The method of Claim 140. further comprising the step of moving logging sensor equipment within 
a passage. 

148. The method of Cla'mi 140, further comprising the step of moving a retrieval assembly within a 

15 passage. 

149. The method of Claim 140, further comprising the step of moving pipeline service equipment within 
a passage. 

150. The method of Clann 140, further comprising the step of moving Gommunications line equqiment 
within a passage. 

20 151. The method of Claim 140, wherein said body is one of a plurality of bodies, said bodies being 

connected in series. 

152. A method of propelling a tool having a generally cylindrical body within a passage, secured to said 
body is a gripper including a gripper poaion, comprising: 

causing said gripper portion to assume a first position in which said gripper portion engages an 
25 inner surface of said passage and limits movement of said gripper portion relatnre to said inner surface; 

causing said gripper portion to assume a second position in which said gripper portion permits 
substantially free relative movement between said gripper portion and said inner surface; 

providing a propulsion assembly for selectively moving said body with respect to said gripper 
portion of said gripper in said first position, said propulsion assembly comprising at least a first piston 
30 having a head reciprocally mounted within a first barrel so as to define a first chamber on a first side of 

said head and a second chamber on a second side of said head; and 

selecthrety continuously moving said body with respect to said gripper portion of said gripper in 
. said first position by forcing fluid into said first chamber to move said head within said first barrel 

153. The method of Claim 152, further comprising the step of moving a bottom hole assembly within 
35 a passage. 



wo 97/08418 . PCrAJS96/13S73 

BO- 
ISA. The method of Claim 152, further comprising the step of forcing fluid into said second chamber 
to move said head within said first barrel 

155. The method of Claim 152. further comprising the step of moving well completion equipment within 
a passage. 

5 156. The method of Claim 152, further comprising the step of moving sensor equqiment within a 



157. The method of Claim 152, further comprising the step of moving loggiri^ sensor equipment within 
a passage. 

158. The method of Claim 152, further comprismg the step of moving a retrieval assembly withm a 

10 passage. 

1 59. The method of Claim 152, further comprising the step of moving pipeline service equipment within 
a passage. 

160. The method of Claim 152. further comprising the step of moving communications fine equipment 
within a passage. 

15 161. The method of Claim 152, wherein said body is one of a plurality of bodies, said, bodies being 

connected in series. 
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